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YBakaemble YYaCTHUKH U TOCTH
11 MexXnyHapoaHOro KOHrpecca
«Pycckuii nH:KeHep»!

Jns wac Oomnblias YecTh MPUBETCTBOBATH
Ha KoHrpecce u BUAETh B CTEHAX HAIIErO0 YHUBEP-
CUTETA CIEUUAIUCTOB U3 PA3HBIX CTPaH.

Bo Bce BpemeHa criocoOHOCTh rocyaapcTBa ca-
MOCTOSITEJIBHO CO3/1aBaTh U Pa3BUBATh KPUTHUECKUE
TEXHOJIOTHH ObllIa KpPaeyroJbHbIM KaMHEM €ro Cy-
BEepeHuTeTa U nporBeTanus. CeroiHs 3TOT HCTOPUYECKUI BBI30B BCTAJI Ie-
pea HaMu ¢ HOBOM cuiioil. OTBETOM Ha HEro JIOJKHBI CTaTh HE TOJIBKO Mac-
MTa0HBIC TOCYJAPCTBEHHBIC HHUIIMATUBBI, HO U KOHCOJUJIMPOBAHHAS BOJIS
BCETO HAIIETO WHXKEHEPHOTO coolIecTBa. Beqp nMeHHO WHXEHEPY — KOH-
CTPYKTOpY, TEXHOJIOTY, UCCJIEI0BATEN0 — MPUHAJICKUT KIIIOUeBask poib
B (hOpMHUPOBAHWH YCTOWYMBOW HE3aBHUCHMOW 3KOHOMUKH W JIOCTHKCHUU
TEXHOJOTHYECKOTO JINJIEPCTBA CTPAHBI.

Hacneaue B.I'. [llyxoBa, A.H. Tynonesa, C.I1. Koponésa u apyrux tu-
TaHOB PYCCKOM MH)KEHEPUU YUUT HAC TJIABHOMY. HACTOSIIHMA HHXKEHEp
MBICJIUT CUCTEMHO. VX Tpyabl AaBHO CTajid JIOCTOSITHUEM MHPOBOM HAYKH,
a TPUHIUIBI PYCCKONH MHXKEHEPHOM MIKOJIBl — TOYHOCTh, MacIITaOHOCTbD,
byHIaMEHTaIBHOCTh — CIIYKAaT YHUBEPCAIBHBIM SI3bIKOM T€XHOJOTHYECKO-
ro mporpecca. JTO MPU3BaHHE, KOTOPOE OOBEAUHSET CICIHATUCTOB BHE
TOCYJIapCTBEHHBIX TPAHMUI], BJOXHOBJISIS HAa PEIIEHUE TJIO0ATBHBIX 3a71a4.

CoOBpeMEHHBII MHKEHEP — 3TO HE MPOCTO CO3AATENb OTACIBHBIX MeXa-
HI3MOB. CeromHsi OOLIECTBOM BOCTPEOOBAaHBI KOMIUIEKCHBIE MPOIYKTHI
W YCIIyTH, OCHOBAaHHBICE HA TIyOOKOW MEXIWCIUILIMHAPHOW HHTErpaIiuf
U CKBO3HBIX IU(POBBIX TeXHONOTUsIX. COBpEMEHHBIN MHKEHEP — 3TO apXu-
TEKTOP CIO0KHBIX CHCTEM, CIOCOOHBIN BHJIETH IEJI0€ 32 MHOXKECTBOM JIeTaJIeH,
YIIPaBJISITh B3aUMOJICHCTBUEM 3JIEMEHTOB, PEIIaTh MHOTOKPUTEPUATIbHBIEC 3a-
Jlaud ¥ HECTU OTBETCTBEHHOCTH 3a BECH >KM3HEHHBII LIMKJI CO3/IaBA€MOU TeX-
HUYECKON CUCTEMBI — OT UEH O BHEAPEHUS U SKCIUTyaTal|H.

CeromHsi, Kak HUKOT/Ia, OT YETKOCTH HAIUX JEUCTBUH, Mpodeccro-
HaJBHOM COJIMIAPHOCTU U CINIOYEHHOCTH WHXKEHEPHOTO COOOIIECTBA 3aBU-
CAT TEXHOJIOTUYECKUI CYBEPEHHUTET U OyIylee CTPaHbl.

Konrpecc «Pycckuii HHKeHEp», KOTOPBIN IIPOBOAUTCA YK€ B TPETHI pa3,
CTajJ He TOJbKO aBTOPUTETHOW IUIOMIAJAKON I JUCKYCCHI, HO M MPOCTpaH-
CTBOM JJIs1 BRIpaOOTKHM KOHKPETHBIX pelIeHuid. B moBecTke 3TOro roga — Kak
dbyHIaMeHTaIbHBIE BOMPOCH WH)XEHEPHOTO 00pa3oBaHUs, TaK U aKTyallb-
HbIE MPAKTUYECKUE TEMBI:




—mudpoBas TpaHchopManus W YHPABICHUE >KU3HEHHBIM IIHKIOM
CJIO’KHBIX TEXHUUYECKUX CHCTEM,;

— MHXXCHEPHBIE OTBETHl Ha COLMAIBbHO-IKOHOMHUYECKUE BBI3OBBI, MPO-
OJIeMBI SKOJIOTMH, KIIUMaTa U 310pOBbECOEPEKEHMUS,

— GopMUPOBAaHHE Y MOJOJBIX CIEHUATUCTOB KAayeCTB CHUCTEMHOIO
MBILIEHHUS] 1 OTBETCTBEHHOCTH 32 PE3yJIbTaT.

Takoli [guamor Mexay YHHUBEPCUTETaMH, HAyYHBIMH WHCTUTYTaMHU
U TIPOMBIIUIEHHOCThIO XH3HEHHO HeoOxoaum. Tpynel Konrpecca cranyt
OCHOBOH ISl HOBBIX HCCIIE€IOBaHMM, 00pa3oBaTeIbHbIX NPOrpaMM M, yBe-
peH, OyAyIIUX TEXHOJIOTHYECKUX ITPOPHIBOB.

Kenaro BceM yyacTHHKaM BIOXHOBIISIOLIEH pabOThI, COAEpPKATEIbHBIX
JUCKYCCHUI 1 HOBBIX MPO(ECCHOHANBHBIX OTKPBITHI!

M.B. I'opoun,
pexkrop MI'TY um. H.O. baymana
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O6ecneuyeHue IHepruen 3KONOrMYHbIX 34aHNI dyayLero:
MHOFo(PYHKLMOHaNIbHAA NPO3pavyHan ApeBeCUHA, 3aLNLLAI0LLAN
OT yNbTpachnoNeToBOro UsnyyeHus

Caichao Wan® wancaichaojy@163.com

College of Materials and Energy, Central South University of Forestry and Technology,
Changsha, P. R. China

Annomayus. Ipospaunas opesecuna (1) ¢ 3aupumoii om Y @-usnyuenus a61semes o4eHs
NepCnekmueHbIM  MAmepuaiom, O0OHAKo, Hatmu oOananc mexcoy Onoxuposanuem Y-
U3TIYYEHUs U NPONYCKAHUEM GUOUMO20 c8ema KpaiiHe ciodcHo. Hcnonvzosan memoo npo-
numku ¢ npumeHneruem ceepxkpumuieckozo @uiouda CO, nod evicokum oasnenuem Oisi
sneopenus Ce—ZnO nanocmepacnei (NRDS) ¢ I1/]. Hanocmepacnu Ce—ZnO 6razodaps
08YX6ANEHMHOMY JIe2UPOBAHUIO YepUueM, YHUKATbHOU (DOmOoaKmueHot cmpykmype u Qusu-
yeckomy pacceusanuio, obecneuusarom Ce-ZnO NRDS@TW cnocobrocme 6roxuposams
99,6 % V®-A uznyuenus, coxpansis npu smom 83,2 % nponycrkanus euoumozo céema. Ma-
mepuan makoce obradaem snepeocoepezarwumMi, 36YKONOIOWAIOWUMU U AHMUSPUOHYI-
MU CBOUCMBAMU, YUMO UOCANBHO NOOXOOUM 0N IKOJOSUYHBIX 30AHULL.

Knrouesvie cnosa:. npospaunas opesecuna, sawuma om yivmpaghuonema, sHepeodpghex-
MUBHOCMb , MHO20QVHKYUOHATIbHOCMb, 30aHUs 0Yy0yue2o

Beenenne. YiasrpadpuoneroBoe nsnyuerne (Y PH) npeacraBmser CEpbe3HYI0 yIpo3y
JUISL 340POBbS, OJHAKO PACIPOCTPAHCHHBIC CTPOUTENBHBIE MAaTEpHalibl, TAKUE KaK
CTEKJI0, 00eCIIeUnBaIOT HEJAOCTATOUHYIO 3amuTy [1], a mpospaunas mpesecuna (I1]T)
00BuHO He 00mamaeT Gyukimedn Yd-okpanuposanus [2]. CymiecTByromue paspa-
0otk 1o cozmanuio Y @-6noxupyromeit [1]] crankuBatoTcss ¢ TpyAHOCTSMH B J10-
CTIDKEHHH OallaHca MEXIy BBICOKMM CBETONPOITyCKaHWEM B BHIUMON 00JacTH
1 3G GeKTUBHBIM TOTJOIIeHueM Y D-u3nmydenus, npobieMamMu MaclITaOupOBaHUs
MIPOM3BO/ICTBA M OTCYTCTBHEM OMOJIOTHYECKOHN MPOBEPKH dPPEKTUBHOCTH.

Jlyist peieHus 3TUX 3a1a4 Mbl pa3paboTany BEICOKOI(D(MEKTUBHBIN KOMITO3UT Ha
ocHose [1]1, mponura AenurHAPUITMPOBAHHBIN JpeBecHbIi kapkac [IMMA u HaHO-
CTEP)KHAMHU OKCHJa ITMHKA, JerupoBanHoro repueM (Ce-ZnO NRDS), ¢ moMorisio
mporecca ¢ npuMeHeHHeM cBepxkputrueckoro CO,. Dtor meTton obecrieynBaeT
pPaBHOMEpPHOE paCIpe/ie/iCHHE, MO3BOJISIET MOIYIUTh KPYIMHOGOPMATHBIN (IenumeT-
POBOTO pasmMepa) MaTepuall, KOTOPbIii 00eCIIeYnBaeT TIOUTH MOJHYTO 3aIuTy oT Y d-
A wsnyuenus it koxu u JJHK B Mozensx Ha MbIlIax, 3HAYUTEILHO MPEBOCXOS
00br9HOE CTEK)I0. OIHOBPEMEHHO KOMITO3UT JCMOHCTPHUPYET BBICOKOE CBETOIPO-
MyCKaHUE B BUIAUMOW 00JIACTH, MPEBOCXOIHYI0 MEXaHUYECKYIO IIPOYHOCTh, a TAKIKE
3HAYHTENFHBIE TEIUIO- ¥ 3BYKOM30JISIIIMOHHBIE CBOHCTBA.

Metoapl U MaTepuaibl; pe3yabTathl. KoMmmosur, 3amumaomuid o Y d-u3-
JIydeHus, Ha OCHOBE mpo3pauHoil apesecunsl (ITJ]) ObuT ONyyeH ciemyronmm oopa-
3oM. CHavasia MpOBOAMIIH JCTUTHA(DUKAITUIO APEBECUHBI JIUTIBI ¢ TIOMOIIIBIO TIIEI0Y-
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Horo pactBopa repokcuna npu 70 °C. Hanoctep:kHU OKCHIa IIMHKA, JISTHPOBAHHOTO
nepuem (Ce-ZnO NRDS), Obutd CHHTE3UPOBAHBI THIPOTEPMATIBHBIM METOIOM W3
aleTaTa IMHKA, HUTpaTa LEepHs U JIMMOHHOM KHCIIOTHI. 3aTeM AeIUrHU(HIUPOBAH-
HYIO IPEBECHHY ITOJIBEPTaN IpeaBapuTeNsHoi 00paboTke cBepxkputnaeckum CO,
JUISL YIQJICHUS BIIarH M 9KCTPAKTUBHBIX BELIECTB, MOCJIE YEro MPOBOAMIIH TPOIUTKY
o[ BEICOKMM faBiierneM (24 MITa, 55 °C, 48 1) cmecbio MMA, IIMMA, A3o0ucu-
300yTuponutpus (AIBN) u Ce-ZnO NRDs (0,1-1,0 mac. %). Ilonumepusanuto
WHULIUMPOBAIM NoBbIIIeHHeM Temmepatypbl 1o 70 °C, a xoneunslid npogykr Ce-
ZnO NRDs@TW monmy4aiu 1ociie KOHTPOJIUPYyeMOro copoca aaBiaeHust (CM. pucy-
HOK).

‘Solarivradiation
Lignin Supereritieal CO,
modification _ pretreatment

Mixing with MMA
PMMA & AIBN

MpuHUMNManbHas cxema NnonyyeHus Npo3payHoi APeBECUHbI, 3aLLMLLEHHON OT yibTpaduoneTa

3akmouenue. B nmanHOM wuccnenoBaHuM ObIT YCHEITHO pa3pa0doTaH MHO-
ro()yHKIMOHAIBHBINA PO3PAUYHbIA APEBECHBIA KOMIIO3UT ¢ Y D-3a1UTO ¢ UCTIOINB-
30BaHHEM METOJa MPONHUTKH C MpuMeHeHueM cBepxkpurudeckoro CO,. JlaHHbIH
METO/ MO3BOJMI YJIydlmnTh npoHukHoBeHue [IMMA Ha 71,3 % u obecnieunTsb
paBHOMEpHOE pacmpeseneHne HaHoctep>kHed ZnO, nmermpoBaHHBIX IepueM. Or-
TUMU3UPOBaHHBIN KOMITO3UT OnokupyeT 99,6 % usnydyenus Y D-A quamnazona, co-
XpaHsis TIPU 9TOM MPOIyCKaHWe BUAUMOTO cBeTa Ha ypoBHe 83,2 %. IIpoepka Ha
MOJIENSAX Y MbIIIEH MOATBEpAMIa 3HaunTeNbHY10 3amuTy kKoxu u JIHK ot mospe-
XKAeHUH ynpTpaduonerom. MaTepuan Taxke 00nagaeT KOMIUIEKCHBIMH 3HEpPIo-
cOeperaroiyMy, 3ByKONOTJIOMAIONMMI W aHTHUTPUOHBIMH CBOMCTBaMH, IEMOH-
CTpUupys 3HAYNTEJILHBIN IHOTEHIIMAJI B Ka4d€CTBEC 3KOJOTHIHOM AJIbTCPHATUBLI
CTEKJIy B CTPOMTEINIBCTBE 3/1aHUI U B TPOM3BOICTBE TPAHCIIOPTHBIX CPEICTB.

CnMUCcoK UCTOYHUKOB

[1] Grandahl K., Eriksen P., Ibler K.S. et al. Measurements of solar ultraviolet radiation exposure at
work and at leisure in Danish workers. Photochemistry and Photobiology, 2018, vol. 94, pp.
807-814. https://doi.org/10.1111/php.12920

[2] Qiuz., XiaoZ., Gao L. et d. Trangparent wood bearing a shielding effect to infrared heat and ultravi-
olet via incorporation of modified antimony-doped tin oxide nanoparticles. Composites Science and
Technology, 2019, val. 172, pp. 43-48. https://doi.org/10.1016/j.compscitech.2019.01.005
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K 100-neTtuio BbifaloLLEroCA OTEYECTBEHHOIO
yyeHOro-apesecuHoBefa, akagemuka IAWS,
npocgeccopa bopuca HaymoBuua YroneBa: Xxu3Hb B pabote

Fop6auesa FanuHa AnekcanpposHa'” gorbacheva@bmstu.ru

SPIN-kop: 4154-5542

Niemz Peter’ niemzp@retired.ethz.ch
Deglise Xavier® xavier.deglise@univ-lorraine.fr
Teischinger Alfred* alfred.teischinger@boku.ac.at
sandberg Dick’® dick.sandberg@ntnu.no
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SPIN-kop: 4188-2004

"M® MITY um. H.3. baymaHa, Mockosckas 067., Mbimuwu, Poccus
2 ETH Zurich, Zurich, Switzerland

® ENSTIB, UL, Nancy, France

* BOKU, Tulln, Austria

®> NTNU, Gjovik, Norway

Annomausn. [{oxnad nocesuen OnUcCanuio HayuHo-nedaeoeudecko2o Haciedus eul0aoue2o-
Csl OMeuecmeeHH020 YueH020-0peecunogedd, akademura u unena Ipasnenus |AWS 3acy-
arcennoeo desmensi Hayku P®, nouemnozo unena PAEH, npogpeccopa Mockosckoeo eocyoap-
cmeenno2o yuugepcumema neca (Hoine — Muimuwunckuii gumuan MI'TY um. H.D. Bay-
Mana), 00Kmopa mexHuueckux Hayxk, npogeccopa Bopuca Haymosuua Yzeonesa.

Knruesste cnosa:. npogeccop Bopuc Haymosuu Yzones, Opegecurogedenue, gusuxa ope-
secuHvl, d¢hgpexm namamu gopmel OpesecuHvl, OpesecuHa KaxK NpupoOHblil YMHbIUI Mame-
puan

Beenenue. 31 urons 2025 r. ucnionaminock 100 et co AHA POXKACHUS aKaJIeMHKa
IAWS Bbopuca Haymosuua Yronesa (1925-2015), BeimyckHika MOCKOBCKOTO Jie-
COTEXHUUYECKOT0 MHCTUTYTA, Ooisiee 70 j1eT CBOEH MOCBSITUBIIEMY CITY)KEHHIO HayKe
Y B&KHOMY JIeTy TIOATOTOBKH CHEIUAIUCTOB JIECHOTO MPOQIIS.

Metoasl m maTepuaibl; pe3yiabTaTbl. OOOOIICHO W CHCTEMATU3UPOBAHO
OTpOMHOE Hay4yHOe W menmarorudeckoe Haciemue b.H. Yromesa kak pesynbrarta ero
MHOTOJIETHEH MHOTOTPAHHOMN JEATENLHOCTH, «KU3HKU B pabore» [1]. Peosorus, cy-
IIMJIbHBIC HANPSDKEHUS, Hepa3pyIIaroIIue METOABI KOHTPOJSI U JIPYyTUe MPOoOIeMbl
(U3UKE 1 MEXaHWKH JPEBECHHBI — obyacTu uHTepecoB b. H. Yronesa, momoxus-
IMX Hayajo IJIOAOTBOPHO pa3BHBAacMbIM HAay4HBIM HampaplcHUsIM. B mocnennee
BpeMs €r0 3aHUMali TIPOOJIeMbI CBSI3aHHBIE C 1e()OPMAIMOHHBIMHU MTPEBPAILICHUSIMHU
JIPEBECUHBI; 3aMOpPOXKCHHbIE JehOopMaIi; THIPOYCTAIOCTh U 0COOCHHO OOHapy-
»eHHbId UM enie B 80-¢ 1. «aoddext namsatu» apesecunsl [2, 3]. b. H. Yrones omny6-
nukoBan 6osee 440 medaTHBIX pabOT, CPe HUX W3BECTHBIC YUEOHWKH ISl BY30B,
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MoOHOrpaduu, CpaBOYHUK MO JPEBECHHE, MHOTHE U3 HUX MEPEH3JIaHbI 32 PyOekoM
Y UUTHUPYIOTCS B CIIPABOYHUKAX, YIEOHHUKAX IO JAPEBECHHOBEACHHIO U (PHU3HKE Jipe-
BecuHbl bonrapun, Benrpuun, 'epmanvu, CnoBakun, Cepoun, [Beiiapuu u npyrux
crpan [2,4,5]. MupoBoe HayuHOe co00IIecTBo Tpu3Haio 3acnyru b. H. Vronesa,
n3opas ero B 1991 r. akagemMuxoM MeXIyHapOAHOU akaJeMHUH HAayK O JPEBECHHE
(IAWS), ¢ 1998 r. mo 2004 r. — unenom Ilpasienus IAWS. B.H. Yrones moaiep-
JKMBAJI HAYYHBIE CBSI3U C 3apyOeKHBIMH LIEHTpaMu OoJiee 25 cTpaH 1Mo UCCIeJOBaHU-
sM apeBecunbl; coctosut wienoMm |UFRO, RILEM, 6bu1 n30paH moYeTHBIM JOKTOPOM
3anaano-Benrepckoro yuueepcurera. B 2009 r. Beperie B Poccuu oH opranu3oBai
ITnenapuoe 3acemanue |IAWS, mpencraBun Akamemudeckyro yekipro «Wood as
natural smart materia» [3]. PykoBoactBo |AWS Bbicoko orenmio Bkiaa b.H. Yro-
JieBa B pa3BHTHE HAyKH O APECBECHHE, PACIIUPEHUE MEKIYHAPOIHBIX CBS3€H, €ro
AKTHBHOE Y4acTHE B MEPONPUATUIX AKaJeMUH, OH OblI HarpaxaeH Meaisio |AWS
3a BBIJAIOIIMECS JOCTIOKEHHMS B oOnacTh ApeBecuHoBencHus <«AWS —
Distinguished Service Award» (cM. pucyHOK).

Akagemuk IAWS b.H. Yrones, MI'Y]1, 2014 r.

3akmiouenne. Akagemuk |AWS Bopuc HaymoBuu Yrones, oOnanas yauBu-
TENPHOM HAay4YHOH HPO30PJINBOCTHIO, MPEABOCXHUTHII MOSBICHHE HOBBIX HAay4YHBIX
HarpaBJieHHH Ha OCHOBE MEXIUCIUTUIMHAPHOTO TOAX0/a K U3YUYECHHIO IPEBECHHBI,
BHEC OTPOMHBII BKJIQJ W Ha JOJITHE TOJBI MPEeIONpeIesin Pa3BUTHE OTEUECTBEH-
HOT'O ¥ MUPOBOTO JIDEBECUHOBE/ICHUS.
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Relevant Data, Tables, and Figures. Springer Cham., 2025.
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Annomayusn. Ob6o6wenue pe3yibmamos Uccied08anuli 00 IHOeMUYHbIX udax cochvl Ky-
6bl onpedensiem 2IAGHYIO Yelb pabomvl:. ORUCAMb AHAMOMUIO, (U3UUeCcKUe U MeXaHuue-
ckue csoiicmea Opesecunvl 6udog Pinus caribaea, P. cubensis, P. maestrensis Bisse
u P. tropicalis Morelet. Bouiu onpedenenvt anamomuueckue snemenmol u nokasamenu Qu-
BUYECKUX U MeXaHuueckux ceovcms. /[pesecuna 4 sndemuunvix 61006 cocuvl Kyowvr oemon-
cmpupyem cXo0Ccmeo 6 ux aHAmoMUlL U QUUKO-MEXAHUUECKUX CEOUCTNEAX.

Knroueswte cnosa: Pinus, sndemuunvle suovl cochvl Kybul, opesecuna, uzuneckue u me-
XaHuueckue ceoticmea

Beenenue. ®nopa KyOs! Beiaensiercst cpean apyrux Kapubckux ocTpoBOB CBOMMHU
BBICOKMMHM 3HAYCHUAMH OMOpPa3HOOOpasust U SHAEMHYHOCTH, MOAJCPKUBAEMBIMH
npumepHo 6700 BugaMu COCYyAUCTHIX pacTeHHH. bojiee ONOBUHBI BUIOB IIBETKO-
BBIX PACTEHHH SIBIISIOTCS SHAEMUYHBIMU (opMaMmH, BKJItOYast 74 SHAEMHUYHBIX PO-
Jla, 9TO ABISETCS HAWBBICIIEH IU(POil Ha AHTHIBCKHX OCTPOBaxX M IpEBpaliaeT
CTpaHy B IVIaBHBIH LIEHTP pa3HO0Opa3us pacTUTEIbHBIX BUAOB B KapuOckom peru-
one [1]. HeobxomumMocTh 0OGOOIIEHHS HAKOIUIEHHBIX 3HAHHM KM HH(POPMAI[HH
0 CcOCHOBBIX Jecax KyObl Ui X yCTOMYMBOTO, PallMOHAIBHOTO U KOMILJICKCHOTO
WCIIOJIB30BAHMSl ONpENeNseT TJaBHYIO LeNlb 3TOH paboTHl. OmucaTth aHaTOMHIO
U HEKOTOpble (U3MYECKUE U MEXaHMYECKHE CBOWCTBA JPEBECHHBI YHIAECMHYHBIX
BUJIOB COCHBI KyOBI.

MeToabl 1 MaTepuabl;, Pe3yJbTaThbl. VcIOIb30BaHbl JaHHBIE, IOTYYECHHBIE
B pe3ylibTare aHATOMHYECKHX HCCIEIOBAaHUM M HUCHBITaHUH (u3ndeckux
U MEXaHWYECKHX CBOWCTB JHJIEMHYHBIX BHIOB cocHbl KyOwl Pinus caribaea, P.
cubensis, P. maestrensis Bisse u P. tropicalis Morelet [2, 3]. [IpeBecuna u3yueH-
HBIX BUJOB COCHBI B IIEJIOM CXO0Xa, HMEET CBETJIO-XKENTHIA IBET, pa3HHUIa
B LIBETE MEXAY AOPOM M 3a00JIOHBIO €1Ba 3aMeTHA. | OTMUHBIE CIIOM XOPOIIO BHJ-
HBl U pa3lyaroTcs Mo mupuHe. TekcTypa cpejHsis, BOJOKHA MpsSMbIE, JUTHHHbIE,
XapaKTepeH He3HAUMTeNbHBIN OJieck. [IpeBecHa MMeeT CMOJMCTBIN 3amax, ropb-
KWW MPHUBKYC. AHATOMHUYECKUE MCCIICIOBAHUS U TTOKa3aTel GU3NIECKUX M Mexa-
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HUYECKHX CBOWCTB OBLIM OMpEeNeNeHbl Ui o0pasnoB mpu BiaxkHoctH 12 % u
MPEJICTABJICHBI B TAOJIHIIC.

dDuznyecKkne 1 MeEXaHUYeCKHUe CBOICTBA peBeCUHbI JHIEMHUYHBIX BUA0B cOCHbI KyoOnbI

Buabi cocHbl
o Emuanna
Gttt wovepennst | P.cari- | P.cu- | P. maestren- | P. tropical- | CPeAMe
p . L . 3Have-
baea bensis sisBisse. | isMorelet
HHe
Qusuyeckue ceoticmea npu eiadxciocmu 12 %
ITnotHOCTH kriv® 767 743 775 740 756
OObemMHas ycyIka % 13,80 13,40 13,56 5,80 11,64
IIpenen Hacoie-
HUS KJICTOYHBIX % 24 24 36 32 29
CTCHOK
Mexanuueckue ceoticmea npu grascrocmu 12 %
IIpouHocTts Ha
C)KaTue BIOJIb BO- kre/em? 674 622 636 639 643
JIOKOH
Jnnamuueckas
TIPOYHOCTH krem/em? 0,67 0,45 0,43 0,53 0,47
Ha U3rud

3akawuenue. [IpoBeieHHBIC UCCIICIOBAHMS TOKA3aJIM CXOJCTBO aHATOMHYE-
CKOT'O CTPOSHUS U 3HAYCHUH MOKazarenel (U3NYeCKUX U MEXaHUYECKHX CBOMCTB,
TaKHUX KaK IJIOTHOCTh, 00BEMHAs YCYIIIKa, IPEICT HACBIICHHS KIETOUHBIX CTCHOK,
MPOYHOCTh HA CXKATHE BJOJb BOJIOKOH M JIMHAMHYECKAs MPOYHOCTh Ha W3THO, JJIs
4 >HAEMHUYHBIX BHIIOB COCHBI KyOBbI.

CnMUcoK UCTOYHUKOB

[1] Avila D. Estado y tendencias de la cobertura boscosa en Cuba en el siglo XXI. | Congreso
internacional de manejo de bosques. La Habana, 2018.

[2] Ibafiez A. et al. Propiedades y usos de 50 especies maderables que crecen en Cuba. Propuesta a
premio ala Academiade Ciencias de Cuba. La Habana, 2001.
[3] Rojas M. Especies maderables cubanas idéneas para la fabricacion de muebles y carpinteria.

Smposio Internacional del Mueble, IV Congreso FIMAE, 4ta Convencion Internacional
Cubaindustria. La Habana, 2024.
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Robinia pseudoacacia L. 3 Tpex permoHoB BeHrpuu

Younis Fath Alrhman A.A. "2 fath.alrhman.awad.younis@phd.uni-sopron.hu
Bader Matyas’ bader.matyas@uni-sopron.hu
Németh Robert’ nemeth.robert@uni-sopron.hu

" University of Sopron, Sopron, Hungary
2 University of Gezira, Al Gezira, Wad Madani, Sudan

Annomauyun. B pabome gvinonnensvl ucciedo8anus 6a3ucHoOU niomMHOCMU U MEXAHUYECKUX
csoiicme opesecunvt 6enoti axayuu (Robinia pseudoacacia L.). /[pesecuna 6vina 3azomos-
Jlena 8 mpex pasiuuHuIX paiionax Ha meppumopuu Benepuu. Cmamucmuueckuil ananu3s
nOKA3aJ, 4Mo 6a3UCHasi WIOMHOCMb, Npedei NPOYHOCMU NPU CIMAMU4ecKom uzeube u npe-
0ell NPOYHOCMU NPU CHCAMUU SHAYUMETLHO PA3IUYATUCH 8 PESUOHAX UCCIe008AHUS, CAMbLE
8bICOKUE 3HAUeHUs NOLYUensl 0N 06paszyos uz pationa IVan, a nauborvuuii Modyre ynpy-
2ocmu y obpasyos us paiiona Baktal rénthaza.

Koueswie cnosa: Robinia pseudoacacia, niomuocms, mexanuseckue ceoticmed, usmeHyu-
80CHb CBOUCME, PE2UOH NPOUSPACAHUSA

BBenenne. BoicTphlil pocT HaceneHus1 yCHIMII BEIPYOKY JISCOB BO BCEM MHpE, B OC-
HOBHOM, W3-3a PACIIUPEHHS CEIBCKOTO XO035iCTBA M YBEIMYCHHS CIIPOCa Ha IpeBe-
CHHY. DTO CO31aJI0 IUCOaNaHC, KOTOPBIA YIPOXKaeT YCTOMYMBOCTH JIECOB M BIIUSIET
Ha OTPACIIH, 3aBUCSIINE OT IPEBECHHBI KaK OCHOBHOTO pecypca. st perreHns 3THx
npo0JIeM MPaBUTEIBCTBA U JIECHAS MPOMBIIUICHHOCTh MPOIBHUIAIOT BhIPAI[MBAHUC
OBICTPOPACTYIIUX MOPOJ B KaYEeCTBE 3aMEHUTENCH BBICOKOKAYECTBEHHOM, IPOYHOM
npesecunsl [1]. Cpean Hux Gemas akarms (Robinia pseudoacacia L.) ussectHa cBo-
el UCKIIIOYMTENIBHOM JIOJTOBEYHOCTHIO, MPOYHOCTBIO M OWOJOTMYECKON CTOMKO-
c1hio. COCOOHOCTh aIanTHPOBAThCs K OSITHBIM I0YBaM, BBICOKAsl CKOPOCTh POCTa
U LIMPOKUI CIIEKTP NPUMEHEHHS JIeNIal0T e LICHHBIM YCTOHYMBBIM pecypcoM [2, 3].
B Benrpuu Oenast akauus sBISICTCS OAHON U3 CaMbIX 3HAUYMMBIX JIMCTBEHHBIX MOPO/I,
BHOCSIIIICH BKJIAJl KaK B JIECHOE XO3SHCTBO, TaK M B JIepeBOOOpadATHIBAIOLIYIO MPO-
MBIIUICHHOCTh. CIIOCOOHOCTh (PMKCHPOBATH a30T U MOJIOKUTEIILHOE BIUSIHUE HA Ka-
YeCTBO IOYBHI elle OOJIbIIe YCHINBAIOT €€ KOJIOTHUECKOe H SKOHOMUYECKOE 3Have-
HHE, CIIOCOOCTBYSI YCTOMYMBOMY JIECOIOIb30BAHHIO U PA3BUTHIO CEIILCKUX PAHOHOB
[4]. B nanHOM McclienoBaHUM U3y4daroTcsi OasucHas miotHocTh (BD) u mMexaHuue-
CKHE CBOWCTBA, BKIIOUas MoayJib yrpyroctu (MOE), pezen mpoYHOCTH IPH CTaTH-
yeckom n3rude (MOR) u mpezen npovYHOCTH MpH CKATHH BI0Jb BoJokoH (CS) mpe-
Becuns! Robinia pseudoacacia L.

MeToabl U MaTepHuaJibl; pe3yabTaTbl. OOpa3Isl ApeBeCHHBI OBLTH OTOOpaHbI
B Tpex pa3nuuHbixX paiionax (Baktaloranthdza, Kunfehértd, and Ivan) na teppurtoprn
Benrpun. OTH y4acTKu XapaKTepH3yIOTCS HH3KOKaYeCTBEHHBIMH, YILIOTHECHHBIMHU
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W 3200JIOUCHHBIMH TMOYBaMHU. Bce HUCHBITAHUSI MPOBOAMINCH B COOTBETCTBHUU CO
craggapramu | SO 13061:2014 [5]. CraTucTHYeCKHiA aHAIN3 TIOKa3aJjl, YTO BETHUHHEI
BD, MOR u CS 3HaunTeNbHO OTJIMYAIOTCS ISl TPEX UCCIEIOBaHHBIX paiioHoB. Ca-
MBbIC BBICOKHIEC 3HAUCHUS TTOKA3aTeJIe dTHX CBOMCTB OBLTH 3a()UKCHPOBAHKI B paiioHe
Ivan, rae GasucuHas miotHocts (BD) cocrasuma 0,78 rlem®, MOR — 173 MIla,
CS — 83,4 Mlla. Otu pe3ynbTaThl CBUICTENBCTBYIOT O CHIIBHOM BIIMSHUH YCIOBHUI
MPOM3PACTAHUSI HA MEXaHUUECKUE U (DPU3NUCCKUE XaPaKTCPUCTUKU JIPEBECHHBI Oe-
no akanuu. Hanportus, mokazarens MOE He mokaszan cTaTHCTHUECKH 3HAYMMBIX
pasnuuuil MeXIy paiioHaMu Tpou3pacTanus. Tem He MeHee, HanOOoJIbIIIee 3HAUYCHIC
MOE na6roanocs st paiiona Baktal 0rénthaza, rae ono nocrurio 14 058 MITa.

3akumouenue. B 1ienoM, nogydeHHbIE pe3yNbTaThl MOTYCPKUBAIOT 3HAYUTEIb-
HBIl TPOYHOCTHOW moTeHuMan apeBecuHbl Robinia pseudoacacia L. Ouu mon-
TBEPKJAIOT MIPUTOJHOCTH ATOTO BUJIA JUIS IIUPOKOTO CIEKTPa MPUMEHEHUS, BKITIO-
Yasi CTPOUTENIBCTBO, MPOM3BOJICTBO MEOEIM M APYTHX H3ICIHA U3 JPCBECHHBI
¢ 100aBJICHHON CTOMMOCTBIO, a TAKXKE MPEIOCTABIISIFOT IICHHYI0 HH(pOPMAIIHIO JIJIst
JIECHOTO XO3SICTBA, JePeBOOOPA0ATHIBAIOIICH MPOMBIIIJICHHOCTH U yCTOWYHBOTO
yIpaBieHHs pecypcamu B BeHrpuu. DTo CBHIAETECILCTBYET O TOM, UTO, XOTS HEKO-
TOpPbIE MEXaHWYECKHE XaPaKTEPUCTHUKU OOl akalMy CHIBLHO 3aBHCAT OT MECTa
MpPOU3pacTaHus, APYrHe MOIYT OCTaBaThCS OTHOCHUTEILHO CTaOMIIBHBIMH B pas-
JIMYHBIX YCJIOBUSX MPOU3PACTAHHUS.

CrucoK UCTOYHUKOB

[1] Grosser D. Die Holzer Mitteleuropas. Kessel Verlag, Remagen-Winter, 2003.

[2] Redei K. Black locust (Robinia pseudoacacia L.) energy plantations in Hungary. Slva Ganda-
vensis, 1999, val. 64. https://doi.org/10.21825/sg.v64i0.827

[3] Reédei K., Keserii Z., Csihal., Raso J., Honfy V. Plantation silviculture of black locust (Robinia
pseudoacacia L.) cultivars in Hungary — a review. South-east European forestry: SEEFOR,
2017, no. 2, pp. 151-156. https://doi.org/10.15177/seefor.17-11

[4] 1S0O 13061:2014. Determination of ultimate strength in static bending. 1SO, Switzerland, 2014.



16 Pycckuli uHxxeHep: Il MexxdyHapoOHbil koHzpecc. Mockea, 29 -3 1 okmsbps 2025 2.

YK 674.81;630*%81;690

Tennon3onsAuMoHHbIA MaTepuan 6e3 CBA3YIOLEro BelwecTsa
U3 A peBeCcHO Kopbl

Zoltan Pasztory"” pasztoryzoltan@gmail.com

University of Sopron, Sopron, Hungary

Annomayusn. Ycmouuugas s3xoHomuxa mpebyem 6oaee WUpoKo20 UCHOIb308aHUS NPUPOO-
HbIX MAMepUuanos, maxKux KaK OpeeecHas Kopa — NoOOYHbIU NPpOoOYKM JECHO20 X03S1cmed,
€dHCe200H0 NPOU3BOOUMBLIL 6 OZPOMHBIX Koauuecmsax. B oannoti cmamve npedcmagnenvi
pe3yibmamspl UCCIe008AHUL, 8 X00e KOMOPbIX ObLIU pa3pabomanvl Meniou30IsAyuOHHble
namenu u3z OpegecHoll Kopuvl be3 ceszyiowe2o. TenionpoeooHOCmb U NPOUHOCIb HA CoICA-
mue 2mux nameiel CONOCMABUMbL C KOMMEPYECKUM NPOOYKMOM, OOHAKO UX 8000CHIOl-
KOCMb U 02HeCMOUKOCHb MpeOyrom OalbHeluule20 Co8epuleHCIME08aHUs.

Knrwuesbie cnosa. Kopa depeea, menjiou3oiAyusl, U30JAYUOHHAA NAHEe]lb bes ceAsyrnueco,
yCl’I’lOIZ’-lMKOE paseumue, uCnojib3oeanue Kopvl

BBenenue. B nocnennee BpeMst MOAUYEPKUBAETCS BAXKHOCTD YIIYUIIEHUS TETUIOBBIX
XapaKTePUCTUK 3[aHUl, YTO MO/Apa3yMeBacT UCIIOJIb30BaHKUE OOJIBIICrO KOJIHYe-
CTBa TEIUIOM3OJSIUU. Jleco3aroToBUTENbHBIE KOMIIAHUU U JIECOMMIIBHBIC 3aBObI
MPOU3BOASAT OOJBIIOE KOJMYECTBO IPEBECHOH KOPBI PA3NWYHBIX BHIOB U (OPM.
CO,-6ananc apeBecHON KOpPBI MPEBOCXOAEH IO CPABHEHUIO C JAPYTMMH IIUPOKO
WCIIOJIb3yEeMbIMHU U30JIIIMOHHBIME MaTepraiiaMu. CyIecTBYIOT MOPOIBI AEPEBBEB,
MOAXOJSIINE IS TMPOU3BOJICTBA TETUIOM3OJSAIMOHHBIX IUIUT U3 KOPbI, HapUMep,
TOMOJIh, akarus u jp. [1, 2].

Metoabl M MaTepuanabl; pe3dyabTaTbl. B Yuuepcurere lllonmpona Obutn
MIPOBEJICHBI JIOTIOJHUTEIBHBIE HMCCIEOBAHHUS IO IPEBPAIICHUI0 KOPHI JIE€PEBHEB
B TIPUTOJHBIC U WCIOIB30BAHUS TEIJIOM3OJSIHOHHBIE Matepuansl. Kopa wc-
MOJIb30BAIACh Pa3HBIX PAa3MEPOB U TEXHOJIOTUH, MPUMEHSIIOCH HECKOIBKO METO/I0B
JUISL YITyYIIEHUS. MEXaHUYECKUX U 3CTETUUECKUX CBOMCTB M30JSILIUMOHHBIX MAHEICH.
[lepBbIM mTarom OBLTO OTIpeneIeHNEe TEIUTONPOBOIHOCTH N3METBFYEHHOW KOPHI pas-
HBIX TIOPOJ JIEPEBbEB. 3aTeM HEOOXOAMMO OBLIO OMPEACTUTh ONTHUMAIBHYIO TUIOT-
HOCTb, YUYHMTBIBasl, YTO TEIUIOBBIC CBOWCTBA MAHEIM 3aBUCAT OT IUIOTHOCTH [3)].
[lepBrIii BapmaHT TpeACTaBIs cOOOM MPOCTYI0 M3MENBYEHHYIO KOPY, pa3lieleH-
HYyI0 TI0 pasMepy 4acTHll. TeIulonpoBOJHOCTh NaHeaeH U3 M3MENbUEHHON KOpPBI
Haxoamiach B auanasone ot 0,061 o 0,07 Br/m-K.

Bo BTOpOM BapuaHTe KOpy pa3fesuli Ha BOJIOKHA aHAJIOTHUYHO TEXHOJIOTHUSM,
WCTIOJB3yeMbIM B OYMa)KHOH TPOMBIIUIEHHOCTH JUIS IPOU3BOJICTBA IEJLTIOI036HI
[5]. Dra memmrono3a u3 Kopsl (opMHPOBANAch B (OPMY MaHEIH W OTBEPIKAAIACH
0e3 kies. B TakoM BHe MOBEPXHOCTb YAaCTHIl JOCTATOYHO BENMKa Uil 00pa3oBa-
HUSl TUAPOKCHIBHBIX MOCTHKOB MEXIy HENSMH HEJUTION036l. TeronpoBoJHOCTh
naHesel 13 KOpbI IIPH TaKOM crioco0e JOCTHUIIIA 3HAYUTEIBHO 0oJiee HU3KOH Tel-
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sonpoBoaHocTH B quanasone oT 0,045 no 0,055 B1/m-K, 4to BriosiHe KOHKYpPEHTO-
CIIOCOOHO 10 CPABHEHUIO C JIFOOBIM JIPYTHUM YTCILUTUTEIIEM Ha PHIHKE.

3akiiouenue. HCCJ’ICI[OB&HI/IH IMOoKa3ajik, 4TO KOpa pa3iIndHbIX ACPCBLECB ABJIA-

€TCS TIOIXOIATINM CBHIPhEM IS HaTypaJlbHOH m3oirsamun. CyIecTByeT MHOKECTBO
TEXHOJIOTUH, KOTOPBIE MOXKHO HCIIOJIb30BaTh ISl MPOU3BOJCTBA H3OJSILIMOHHBIX
na”enei. Kpome TOro, BRIJAIOMIMMCS PE3yJbTATOM SBISIETCS W3OJSAIMOHHAS IIa-
HEllb U3 KOPHI JIepeBbeB 03 CBS3YIOIIETro, KOTOpas OTBEYAET BCEM TPEOOBaHUIM
YCTOWYHMBOTO Pa3BUTHUS, IEPEPAOOTKH U PUHIUIIAM IUKITUIECKON SKOHOMHUKH.

CnMUcoK UCTOYHUKOB
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Annomayun. Konyenyus KONNEKMUBHO20 MEXHONIOSUYUECKO20 CYBepeHumema no360asiem
Gopmuposams  eOuHOe MEXHONO2UYECKOe NPOCMPAHCIBO EPYRNOU  OPYHCECHMBEHHbIX
CMpam, 4mo ycuauedaem ux NOMeHyudn u 0dem 603MONCHOCMU NPOMUBOCIOAMb 2e2eMOHUU
HeOpYIHCeCMBEHHBIX 20CY0apCme — MEXHON02UYECKUX udepos. Badicnas ponsb 6 gopmupo-
BAHUU KOLEKMUBHO20 MEXHOIOSUECKO20 CYBePEHUMema NPUHAOLEHCUN KPYNHbIM GblCO-
KOMEXHON0SUYHBIM KOMNAHUAM, UMEIOUUM He0OX00UMbLIL ONblm, KOMAEeMeHYUul, 3aHUMA-
FOWUM nepedogble NO3UYUU HA MUPOBbIX pbinKkax. B Poccuu 6 kauecmee maxkot KOMAAHUU
MOJACHO paACCMampueams 20Cy0apcmeeH Yy Kopnopayuio <Pocamom».

Knroueswie cnosa: mexnonocuueckuii cyseperument, mexHoi0cudeckoe uoepcmeo, mexHo-
Jlocudeckue niamgopmul, nepedaia mexHor02ull, MexcoyHapoOHoe COmpPYOHUUeCmB0, 20C-
YOapcmeeHHas Kopnopayus

Beenenne. Ilepectpoiika MUPOXO3IMCTBEHHOM CHUCTEMBI, CTPEMJICHUE Pa3BUBAIO-
IIUXCSI TOCYIAPCTB M30€kKATh «TEXHOJIOTHYECKOTO KOJOHMamu3Ma» [1], moBbia-
IOLIAsICSl POJIb TEXHOJIOTU B M3MEHEHHUAX OOIECTBEHHBIX OTHOIICHHWH MPUBOIST
K HEOOXOIMMOCTH M TEOPETHYECKOTO, U MPAKTHYECKOTO OCO3HAHWS HOBBIX BHJIOB
B3aUMOJICHCTBHM, OJHUM W3 KOTOPBIX MOXXET OBITh KOHIEMIHUS KOJJICKTHBHOTO
TEXHOJIOTMYECKOI'0 CyBEepeHUTeTa. ' nnore3a COCTOUT B TOM, YTO COBMECTHOE TEX-
HOJIOTHYECKOE Pa3BUTHE TOCYIAapCTB HAa HHCTUTYIHOHAIHFHOW OCHOBE KPYITHBIX
HaI[MOHAIBHBIX KOMIIAHUH, JIeXkallee B OCHOBE KOHLEMINH KOJIJIEKTUBHOIO TEXHO-
JIOTHYECKOTO CYBEPEHHUTETa, MOXKET CTaTh 0a30i AJs IOITOCPOYHOTO PaBHOIPAB-
HOTO COTpyAHHYECTBa rocyaapcTs. Llenb paboTsl — aTh aBTOPCKYIO OLIEHKY yda-
CTHIO TOCYAAapCTBEHHOH Kopropamnun «PocaTomM», Kak MpeACTaBUTENI0 Kiacca
KPYIHBIX BBICOKOTEXHOJOIMYHBIX KOMIIAHMH, 3aHUMAIOIIUX JIMACPCKUE IO3UIUH
Ha MUPOBOM PBIHKE, B (JOPMUPOBAHHUU KOJUIEKTUBHOT'O TEXHOJIOTUYECKOTO CyBepe-
HHUTETA.

MatepuaJjibl 1 MeTOABI; pe3yabTaThl. KoHIIENINS KOUIEKTUBHOTO TEXHOJIOTH-
YECKOr0 CYBEpEHUTETa PaCCMOTPEHA ABTOPAMH B NMPEABIIYIINX HCCIEIO0BaHUAX, OHA
OCHOBBIBAETCSl HAa TaKUX 3KOHOMHKO-TIONUTHYECKUX IIEIAX TOCYAapCTB, KaK HaIno-
HAJIBHBIA TEXHOJIOTMYECKHI CYBEPEHUTET M TEXHOJIOrHYecKoe ymuepeTso [2, 3]. Me-
TOAOJIOTUYECKON 0a30i SBIISIETCA CHCTEMHbIM aHANIW3, HHCTUTYLIMOHAJIBHBIN aHaJIN3,
JIOTUUECKOE MOJIEIUPOBAHUE.

1. ®opmupoBaHHE KOJJIEKTHBHOTO TEXHOJOTHMYECKOTO CYBEPEHHUTETa B pam-
Kax MEXI'OCyAapCTBEHHOI0 00bEIUHEHUs TpeOyeT Halu4due rocy1apcTBa-nHuLMa-
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TOpa, 00Ja1al0IIero JOCTaTOYHBIM TEXHOJIOTHYECKUM Pa3BUTHEM U MOTEHIHAJIOM,
a Tak)Ke HEeOOXOIWMBIMH WHCTUTYTaMH JJIsi TEXHOJIOTHYECKOTO Pa3BHTHS. Hayd-
HBIMHU KOJUIEKTUBAMH M 00BEKTaMH, TEXHOJIOTHUECKUMH IIaT(opMamMu, KOMIIaHHU-
SMHA-TAAEpaMu U 1ip. Takumu mpu3HakaMy 00J1aaeT rocylapcTBeHHAsT KOpIopa-
us «Pocarom», ofHa U3 KPyNHEHWIIMX KOMIIAHUI HA MHPOBOM PBIHKE aTOMHBIX
TEXHOJIOTHH, MMEomasi COOCTBEHHbIE Hay4HBIE, NPOM3BOJCTBEHHBIE MOIIHOCTH,
paboTatomiasi B pa3IMYHBIX BBICOKOTEXHOJIOTUYHBIX cepax.

2. «PocaTom», pa3BuBas OTHOLICHMS C JPYTMMH TOCYAapcTBaMH, HE MPOCTO
CTPOUT aTOMHBIE OOBEKTHI, HO M aKTHBHO NPHUBJIEKAET MECTHBIE KOMITAHWH, ITOMO-
raeT rocylapcTBaM CO3/aBaThb COOCTBEHHYIO CYBEPEHHYIO HAIMOHAIBHYIO aTOM-
HYIO OTpacib, BKIIIOYas Iepenady TEXHOJOIHH, IOATOTOBKY Kaapos, GOpMHUpPOBa-
HUE IEHTPOB KOMIeETeHIuil u mp. Bce 3To maer rocymapctBaM BO3MOXHOCTh
CHIDKAaTh TEXHOJIOTHYECKYIO 3aBHCUMOCTb OT CTPaH-TEXHOJOTMUYECKUX «IereMo-
HOB», KOTOpPBIE YacTO WCIOJB3YIOT CBOE MPEBOCXOJICTBO B MOJUTHYECKUAX IEINAX.
Takast 1esTeNsHOCTh co3aeT 0a3y JAJsl PaBHOIIPABHOTO JOJITOCPOYHOTO MEXKTyHa-
POIHOTO COTPYIHUYECTBA.

3. [estenbHOCTh «PocaToMa» WHULIMUPYET CO3JaHWE COBMECTHBIX WHCTHUTY-
TOB U1 AOJTOCPOYHOI'O PaBHONPABHOIO COTPYJHHUYECTBA, BBIXOJAIIETO 3a Mpese-
JBI ATOMHOM OTpAaciid, TO €CTh MOTEHIHAIBHO — JJIA CO3/aHUs KOJUIEKTHBHOTO
TEXHOJIOTHYECKOTO cyBepeHuTeTa. K HUM MOXKHO OTHECTH 1m1atopMy IO aTOMHOI
SHEpreTHKe, LIeJb KOTOPOH — pa3BUTHE U BHEAPEHUE JTyUIINX MPAKTUK U IEepeo-
BBIX ITO/IXOJIOB B DHEPTeTHYECKUX M HEIHEPTETHUECKUX TMPUMEHEHHAX SIACPHBIX
TEXHOJIOTHH B MUPHBIX Lensx Ha peiHkax bBPUKC n BPUKC+, pazButue mexaHus-
MOB U MOJEJEH, CTUMYJIMPYIOIINX aTOMHbIE IIPOEKTHI; IPOEKThl (PMHAHCUPOBAHUS
aTOMHBIX TpPOeKTOB HoOBBIM OaHKOM pa3BuTHs, co3faHHBIM cTpanamMu BPHUKC
U T. 1. DT HHCTUTYTHI, ONpoOyeMble HA aTOMHON OTpaciii, MOTYT B JajbHeHIIeM
CTaTh YHUBEPCATHHBIMH.

4. Peanu3ysi IpOEKTHl B aTOMHOM cdepe, «Pocarom» aeT BO3MOXKHOCTB MPO-
JBIDKEHHS HA 3apyOeXHbIC PHIHKM HE TOJIBKO CBOEH MPOAYKIMH, HO U OTE€UYECTBEH-
HBIX MPOAYKTOB U TEXHOJOTUM, CO3/]JaBa€MOIl MHBIMU POCCUNCKUMHU TTPOU3BOIUTE-
asiMd. JKU3HEHHbIH UK atoMHO# snekrpocranimu (ADC) — 6Gonee 100 ner.
ADC MoxeT OBITh UICTOYHHKOM SHEPTUH HE TOJIBKO JJISi MECTHOW MPOMBIIIIIEHHO-
CTH ¥ COLIMAIBHBIX MOTPEOHOCTEH, HO M, OTAENBHO OTMETHM, Ul KPYIHBIX AaTa-
LEHTPOB, AJSl Pa3BUTHUSI MCKYCCTBEHHOI'O MHTEJICKTa — HamboJyiee aKTHMBHO pac-
Tymen ceronnsi cgepsl. Takue mata-LEHTPHI MOTYT OOeclieunBaTh Takue MmoTpeod-
HOCTH TOCYAapCTBa, KAK MECTHBIC TOCYIaPCTBEHHbIE NH()OPMAIIMOHHBIE CHCTEMBI,
MECTHBIE COLMAJIbHBIE CETH, KPUTUYECKYI0 MH(PACTPyKTypy U Ip., B pa3paboTke
KOTOpBIX TaK)kK€ MOTYT y4acTBOBaTb POCCHIICKHME KOMMaHHMU. «PocaToM» MoxkeT
NPEIJIOKUTh CTPaHaM NPUCYTCTBUS MIMPOKYIO KOOIEPALHUIO U B IpyTrux chepax —
AIIEKTPOTPAHCIIOPTE, HOBBIX MaTepHajax, He aTOMHOW BO30OHOBJISIEMO dHEpreTH-
Ke, MeaunuHe U 1p. Bce 3TO MOXkeT cnocoOCTBOBaTH CyBEPEHHOMY Pa3BUTHIO
CTpaH-IAPTHEPOB U OBITh MHTEPECHBIM AJISI PA3BUTHSA POCCUHCKON 3KOHOMUKH.

3akarouenue. KoHuenus KoUIEKTHBHOTO TEXHOJIOTMYECKOTO CYyBEpEHHUTETA,
peanusyemas B TOM 4YHCIIE, 4epe3 AEATENbHOCTb KPYMHBIX KOMIIAHUH JHIEPOB,
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K KOTOPBIM OTHOCHUTCA M TOCyIapcTBeHHas kopropauusi «Pocatom», mo3Boisier
o0ecneunTs PaBHOMPABHOE U JIOJTOCPOYHOE COTPYAHUUYECTBO TOCYIaPCTB, PABHBIM
JOCTYIl K TEXHOJIOTHSIM, B HIMPOKOM CMBICIE — 00ECHEeYUTh JUHAMHYHOE, MPH
3TOM CHpPaBEUINBOE, yCTOMYNBOE pa3BUTHE, KaK CTPAHOBOE, TaK M TII00AIBHOE.
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Annomayus. C npumenenuem paspabomannoz0 npospammHo20 npoOyKma oyeHeHnvl pas-
MepHO-KauecmeeHHble Xapakmepucmuky Opesecuul, 3a20MoseHHOl ¢ nPpUMeHeHueM MHO-
200nepayuoHHbIX IecHbIX Mauwun 6 nechuvecmeax Cesepo-3anaonozo Pedepanviozo okpy-
2a. M3yuenvl munuunvie cxembl pacKpsasiCesKu, Haauuue 0egheKkmos cmpoenus Opeeecumvl,
donsi bpaka, CmpyKmypa moeapHou npooyKyuu.

Knroueswvie cnoea: J1eco3azcomoeKka, MHO200nepayuoOHHble J1eCHble MAUlUHbl, PACKpA-
HcesKa, paA3MepHO-KaA4eCmeeHHble XapadKkmepucmuKku, omiyemmnsvlie aaHHble, npoepamma
ons OBM

BBenenne. B Poccun sieco3arotoBka nMperMyIIECTBEHHO OCYILECTBIISICTCS C MPHU-
MCHEHHUEM BBICOKOIPOU3BOIUTEIILHBIX MHOTOOMEPAIHOHHBIX JICCHBIX MAIIINH,
KOTOpBIC OCHAILlEHbI OOPTOBBIMU KOMIIbIOTEpaMHU JUisi cOOopa W XpaHeHus UHGOp-
MaliH O Pa3MEPHBIX MapaMeTpax 3aroTOBJICHHOW JIPEBECHHEI, & TAKKE O TEXHUYeE-
CKOM COCTOSIHMM MamivH [1]. AHamu3 MOJy4eHHBIX OTYETHBIX JaHHBIX MO3BOJISET
OIpeeuTh COOM B pabOTe MAILMH, a TAK)KE ONEPATUBHO KOPPEKTUPOBATH PabOTy
C YMEHbBIIICHUEM H3IePKEK TPOU3BO/ICTBA [2].

B Hacrosiiiee BpeMsi OTCYTCTBYET MPOrpaMMHOE 00€CIeYeHUE, KOTOPOE MOK-
HO ObUTO OBl MPUMEHATH HAa POCCUICKUX MPEINPHATHIX IS 00pabOTKH OTYETHBIX
JIAHHBIX C Pa3IMYHBIX XapBectepoB. Kaxnoe GpupmenHoe nporpaMMHoe obecrede-
uue (Timbermatic or John Deere, Opti ot Ponsse u T. 1.) uMeeT cOOCTBEHHYIO ap-
XUTEKTYpYy W 3aKPBITBI XapakTep. DTO 3aTpyIHSIET UTOTOBBIH aHANIN3, OCOOCHHO
€CJIH B MapKe OpraHu3alny MPUCYTCTBYIOT MAIIMHBI PA3HBIX IPOU3BOAUTEICH.

Llenpto paboOTHI SIBISIETCS CO3JAaHUE M anpoOamysi MPOrpaMMHOTO HPOIYKTa
JUISl CTaTHCTHYECKOW OIIEHKH Pa3MEpPHO-KaYeCTBEHHBIX XapaKTEPHCTHK 3aroTOB-
JICHHO# JPeBECHUHBI HA OCHOBE 00paOOTKM MAacCHBOB OTYETHBIX JaHHBIX C OOPTO-
BBIX KOMITBIOTEPOB MHOTOOTIEPAIIHOHHBIX JIECHBIX MAIlIHH.

Metoasbl HccaenoBanus. B xoze nccnenoBanus ObUIM W3BJICUEHBI U MTPOAHA-
JM3UPOBAHBI MACCHBBI OTYETHBIX JaHHBIX ¢ 6OpTOBBIX cuctem Parker Motomit 1T
6,5, ycranoBnenHsix Ha Mammaax Caterpillar m Komatsu, ocyImecTBIIsIOnuX jJeco-
3arotoBku B JiecHuuectBax C3®O. [lns ynpoleHus: U3BJIeYCHUs IaHHbIX, Orepa-
THBHOTO aHAJIN3a U BH3YaJbHOTO NPEJCTABICHUS MMOTYYEHHBIX HTOTOBBIX PE3YIIb-
TATOB HamucaHa mporpamma Ha si3eike Python (Ne roc. per. 2025617886 RU).
JlaHHas mporpaMma Io3BOJISICT U3BJIEKAaTh MAacCHBBI JTaHHBIX U3 (ailnoB popmara
stm., cucteMaTH3NpoOBaTh WX, MPOU3BOIUTH CTATHCTUYECKYIO 00paOOTKY pas3imd-
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HBIX [1apaMEeTPOB PabOTHl MALIMH, a TAKXKE HPEACTaBIIATH MOJYyYCHHBIE IPOMEXKY-
TOYHBIE M UTOTOBBIE PE3YJILTATHI B rpahnaecKoM BUJIE.

PesyabTarhl uccaegosanusa. OOpaboTKa MONyYCHHBIX MAcCCHBOB JaHHBIX
MO3BOJIMJIA OIPENIEINTh COOTHOIIEHHE 3arOTOBJIEHHBIX XBOWHBIX M JIMCTBEHHBIX
MOPOJI IPEBECHHBI, OLIEHUTh OCHOBHBIE ITapaMETPhl CTPOEHUS CTBOJIA, paclpeesie-
HHE 3ar0TOBJICHHOM IpEBECUHBI IO JUIMHAM U JUaMeTpaM, pa3Mepsl U 00BbEMBI 110-
PYOOYHBIX OCTaTKOB, 00BEMBI U TOBAPHOE Ha3HAYEHHE 3arOTOBJICHHON IPEBECUHEI.

[IporpaMma mo3BossIET MPOAHAIU3UPOBATH PACKPOM KaXKJOTO E€AMHUYHOIO
COPTHUMEHTa, B TOM YHCJE HalIWdHe OTOPaKOBOK, BBIOOPKY Me(EKTHBIX MECT,
a TaKKe HAJIMYUE aHOMAJIBHOTO CTPOCHHS IPEBECHHBI (CM. PUCYHOK).
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3akaouenne. B xone mccienoBaHus MpoaHaTH3UpPOBaHBl OTYETHBIC TaHHBIE
¢ OOPTOBBIX KOMITBIOTEPOB BaJIOYHO-CYYKOPE3HO-PACKPSIKEBOUHBIX MaliuH (xap-
BECTEpOB), pabOTAOUIMX B MNPUPOJHO-KIMMATH4eCKHX ycioBusx Cesepo-
3anagaoro denepanbHOro okpyra. CTaTUCTHIECKH 00pabOTaHBI MaCCHUBHI TJAHHBIX
u3 ¢aitnoB Gopmara StM., BEIIPY>KEHHBIX M3 OOPTOBBIX KOMIIBIOTEPOB MHOTOOIIE-
PAIIOHHBIX JIECHBIX MAIlIWH. Y CTAaHOBIEHO, YTO B PACCMOTPEHHBIX JIECHUYECTBAX
Cesepo-3amagnoro ®denepalbHOTO OKpPyra MPEHMYIECTBEHHO OCYIIECTBIISETCS
3aroTOBKa XBOWHOI'O MUJIOBOYHHMKA. PacrpenencHue cxeM pacKpsbKEBKH 3HAYHMO
paziMyaercs 1o paioHam.
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Annomayus. Paccmompenvt mexanusmvl 3aKynopku (OKKmosuu) cocyoo8 y OpesecHbvix
HOKPBUNOCEMEHHBIX: 00pA306aHue MULL U omaoxcenue kamedet. Iloxkasano, umo evipa-
JHCEHHOCMb U NPEoONAOAIOWUT MEXAHU3M OKKIIO3UU umeiom eudocneyuguunyio (eenemu-
yecku 00YCIOGLEHHYI0) COCMABTAWYIO U MO2YM UCHONIb308AMbCS KAK OUACHOCMUYECKUe
npusHaxu. Ommeyeno enusHUe OKKIIO3UU HA C8Olicmea opegecutvl (NpOHUYAeMocmb, 00-
208e4HOCMb, nepepabomka), 0cobeno npu 2uopomepmanvroi obpabomre. Coenamn 6vi600
0 NPAKMUYECKOU 3HAYUMOCIU YUema OKKIIO3UlU Npu MOOUpUKayuu, Cywke u sauume ope-
6ECUHDL.

Knroueswte crosa: oxxnosus cocyoos, munnsl (munosvl), Kameou, cocyovl KCunemul, 3a60-
JIOHb, 0pP08Asl Opesecutd

Vessel occlusion in woody angiosperms: a review

Bardarov Nikolay Spasov'"” niki_bardarov@abv.bg
Vladimirova Elena Grigorievna® evladimi@unb.ca

" University of Forestry, Sofia, Bulgaria
2 University of New Brunswick, Fredericton, Canada

Abstract. Mechanisms of vessel occlusion in woody angiosperms — tylosis formation and
gum deposition — are summarized. Species-specific (genetically conditioned) patterns that
justify diagnostic use are outlined. Effects on wood permeability, durability, and pro-
cessing, especially under hydrothermal treatments, are highlighted, with practical implica-
tions for wood protection, modification, and drying regimes.

Keywords: vessdl occlusion; tyloses; gums; xylem vessels;, sapwood; heartwood; woody
angiosperms

Beenenue. Ilepexos oT 3200JI0OHU K SIIPOBOW JPEBECHHE COMPOBOXKIACTCS CTape-
HHEM/OTMUpPAHHEM MAPSHXMMBI M OKKIIIO3UEH COCY/IOB, YTO HANPSMYIO CBS3aHO C
THIIPABIMKON KCHIIEMbI U CBOWCTBaMK Matepuana [1, 2, 4].

Matepuansl U MeToabl. HapaTuBHBIN 0030p MCTOYHHUKOB JIMUTEPATYpHI MO
AHATOMHUU JIPEBECUHBI M KCHJIEMHOH THIpAaBIHKeE; OTOOp padOT C ONmHCcaHHEM Me-
XaHM3MOB OKKJIIO3UH (THIUIBI/KaMEIn), AUarHOCTUYECKOTO MPUMEHEHUS M TEXHO-
JIOTHYECKHX mocaeacTeuii [1-5].
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Pe3yabTaThl U 00cyxkaeHne. Mexanusmsal: (i) THIUIBI — My3bIPEBH/IHBIC BbI-
MSTYUBAHMS KUBBIX MAPEHXUMHBIX KJIETOK (0CeBOM/TydueBoii), MpOHUKAIOIINE Yepes
MOJyOKalMIICHHBIE TMOPEI B MPOCBET cocyaa u paspacraromuecs; (ii) xamemnu
W MHbIE DKCTPAKTHBHI, 3aMoMHAIOmNe mpocseT [1, 2]. MexaHH3MBI MOTYT coue-
tathes [1, 2, 4]. Bronorndeckuii CMBICT: JTIOKaTH3aIlKs MOBPEKIACHUH, OorpaHnye-
HHME pPaclpOCTPaHEHHUsSI BO31yXa/laTOreHOB, ydacTHe B (GopMmupoBaHuU siapa [3].
JlarHoCcTrKa: BBIPAKEHHOCTh M THIT OKKJIFO3UM BHIOCIEIM(DHUIHBI, YTO UCIIONb3Y-
eTCs B TMEePEeUYHsIX aHATOMUYECCKUX MPHU3HAKOB MEXIyHApOHON accolualiy aHa-
tomoB jpeBecurbl (IAWA) [4]. TexHONOrHYecKrue MOCIEACTBHS. THIUIBI PE3KO
CHIDKAIOT MPOHMIIAEMOCTh (JIOXKHOE SApo Oyka MPaKTHUYSCKH HE MPOMHUTHIBACTCS
AQHTHUCENITUKAMM) U HEPEIKO CBA3aHbI C MOBBINICHHONH YCTOHYMBOCTHIO K JICPEBO-
paspyuiamiuM rpudam; Mpu THAPOTEPMATIBLHON 00paboTKe M MOAU(DUKALIUN OK-
KJTIO3US BIIMSCT Ha TIEPEHOC BJIATH/peareHToB U TPeOyeT KOPPEKTUPOBKH PEKUMOB
[1, 5].

3akaouyenne. OKKIIIO3UsI COCYJOB — KITIOYEBOC 3BEHO MEXIY (U3MOIOTHEH
JIPEBECUHBI U €€ IKCILTyaTal[MOHHBIMH/TEXHOJIOTHYECKUMH CBOMCTBAMHU. YUeT TH-
1a W BBIPAKEHHOCTH OKKITIO3MH (THILIBI/KaMeIn) BakeH U aHATOMHYECKOW Jra-
THOCTHKH U BBIOOpA PEIKUMOB 3aIUTHI, MOTU(DHKAIINN U CYIIKH.
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Annomayusn. [Ipedcmasnena 610k-cxema cucmemvl d8MOMAMULECKO20 YNPAGLEHUSL CHIeH-
00M 0151 02HeBbIX UCIbIMAaHULl pakemno2o dsueamens maroti mseu (PAMT), pabomaiowe2o
6 UMNYIbCHOM PEdNCUME HA IKOJLO2UHECKU YUCMbIX 2A3000PA3HbIX KOMNOHEHMAX MONIUEA
KUCI0poo u mema. J{ano onucanue mooyns Logo Semens u npuseden areopumm e2o npo-
epammuposanus. Paspabomannas cucmema ynpasienusi cmenooMm NO380J51em Peaiu306bl-
6amMb PA3IUUHbIE YUKIOSPAMMbL UMNYIbCHO20 pedcuma pabomel PIIMT, a makoce ocy-
wecmensime agapuiinoe GbIKIoYeHue 08ueames npu OOCMUICEHUU NPEOebHbIX 3HAYEHUT
0agneHust 8 Kamepe c2opanus U memnepamypvl KOHCMpYKYuu.

Kniouesvte cnosa. paxemmuwviii 0gueamenb MAaiou msaeu, asmMomMamu3ayus, cmeHooeuvle Uc-
nolmanus, asaputinoe svikniovenue, Logo Semens

BBenenune. OTHEBBIC CTCHIIOBBIC HCIBITAHUS PAKETHBIX IBUTATENICH MajloW TSITH
(PAMT), msst KOTOPBIX XapaKTEepeH HMMITYJIbCHBIA PEXUM pabOThI, TPEOYIOT HC-
MOJIb30BaHUs aBTOMATH3UPOBAHHBIX CHCTEM yrpaBieHus creHaoM [1]. Ocobenno-
CTH opraHm3anuyd pabodero mporiecca IS JAHHOTO Kjlacca JBHUTATEIeH MOTYT
NPUBOJUTH K CKAalUIMBAaHUIO KOMIIOHEHTOB ToruiMBa B kamepe P/IMT na HekoTo-
PBIX PEXHMax €ro pabOThl, YTO MOXET BBI3BIBATH 3a0pPOCHI NIaBJIEHHS B Kamepe
CropaHusi B MOMEHT 3allyCKa, a CJIEJ0BATEIbHO, U K HEPACUETHBIM 3HAUCHUSIM TH-
TH, YTO AJI ABUTATENed CUCTEMbI YIpaBieHUs HenonmycTumo. [Ipu 3ToM u3z-3a ot1-
CYTCTBHUSI PEFE€HEPATUBHOIO OXJAXIEHUA AeMEHThl KoHCTpykunu PIIMT B mpo-
necce ero pabOThl HArpeBarOTCS [0 TEMIEPATyp, 3a4acTyH) MPEBBIIIAIOIINX
TEMIIepaTypy IUIABJICHUS UCIOJIB3YIOIIMXCS MaTepuaIoB. B CBSA3U € 3TUM LIEJbIO
palboThl SABJISICTCS aBTOMATU3allUsl CTeHIOBbIX ucnbiTanuit PJIMT, paboraromero
B UMILYJIbCHOM PEXHUME C CUCTEMOW aBAPUMHOTO BBIKIIOYEHUS JBUTATENs, UTO SIB-
JIA€TCS aKTyaJIbHbIM.

MeTtonpl U MaTepHaJbl; pe3yJbTaThl. B paboTe npecTaBieH alropuTM aB-
TOMATU3UPOBAHHOM CUCTEMBl YNPABIEHUS CTEHIIOM, PEAIM30BAHHBIA HA OCHOBE
moxyist Logo Siemens [2].

B 0Omok-cxeme 3amporpaMMHUpPOBAHO PYyYHOE YIIPAaBJICHUE ABYMS IEpPEKIIOYa-
TenaMu — KHormka «[lyck» U KHomKa «ABapuiHOE OTKJIHOUeHHe». Takxe mpeny-
CMOTPEHO aBTOMATHYECKOE aBAPUIHOE BBIKIIOYCHHE C MOMOIIBIO JABYX OOpaTHBIX
CBSI3€ll — IO NIaBJICHUIO B KaMepe CropaHdsd U IO TeMIepaType Hapy>KHOH MO-
BEPXHOCTH CTEHKH.
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Jus obecriedennss UMITYJIbCHOTO pekuma pabdotel PAMT peanuzoBaH 06510k
«ACHHXpPOHHBIM T€HepaTop MMITyJIbcoB». HacTpoiika MMITyJIbCHOTO peXuma ocy-
HIECTBJIICTCS BBOAOM MOTPEOHBIX 3HAYCHUH BPEMEHHM Iay3bl M MEpHOJa BKIIOYE-
Huit nBuratens. C moMornepio 60ka «MHTEepBaNbHOE pesie» 3aacTcs CyMMapHOe
BpeMsi paboThl aBuraress. C IOMOIIBIO OTACNBHBIX peJie 3aJaeTcsi BpeMsl OTKpHI-
TUSl KJIamaHoB M PabOTBl CBEYM, a C IOMOIIbIO OJOKOB <«3ajiepiKa BKIIOYE-
HUSA/BBIKJIFOUCHHUS» MUMEETCSI BO3MOXKHOCTh PEAIM30BaTh MOJauy OJHOTO M3 KOM-
MIOHEHTOB B KaMepy CrOpaHus € 3aJEPKKOMN.

3akarouenne. biok-cxemMa aBTOMaTH3MPOBAHHON CHCTEMBI YIIPABJICHUS CTEH-
JIOM 103BOJIsIeT ocyuiecTBUTh 3ammyck P/IMT B pa3snu4HbBIX UMITYJIBCHBIX peXUMaXx,
HOBBICUTh TOYHOCTh M OBTOPSIEMOCTDH 3KCIIEPUMEHTOB 33 CUET YMEHBIICHHUS BIIU-
STHHSI 4€JI0BeUecKoro (axropa.

Cucrema aBapuiHHOTO BBIKIIOUSHHS, HHTETPUPOBaHHAs B [IPOrpaMMHOE obec-
meveHue, paspaboranHoe s Moxyis Logo Siemens, obecrieunBaeT BBICOKHI
ypOBeHb 0€30IaCHOCTH OTHEBO# cTeH10BO# oTpaboTku PIIMT.

Takum oOpa3oMm, AaHHOE peLIeHHEe O0JIaaeT BBICOKMM IOTEHIHMAIOM IS
NPUMEHEHUs] B MCCIIEJOBATENLCKIUX W MPOMBIIUIEHHBIX YCTaHOBKAxX, TPeOYIOINX
HaJIe)KHOTO U THOKOTO yNpaBIiCHHS.

CnMUcoK UCTOYHUKOB

[1] Sromuuxos II.A., Autonos FO.B., Enucees A.A., Hosukos A.O., Bopoxeesa O.A., Ko3uues
B.B., Turaeckuii C.B. @usuueckue ocrogvi pabouezo npoyecca 6 pakemuvlx 08ucamensx.
Mockgsa, U3n-so MI'TY um H.D. baymana, 2016, 117 c.

[2] Semens. Pykosoocmeo LOGO! CrnpaBounuk o ammapary. ASE01248543-03, 2009, 302 c.
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Y[IK 551.509.339

YcoBepleHCTBOBaHWE METOA,0B NPOrHO3UPOBAHUSA NIECHBIX NOXApOB
B LLeJIIX NOBbIWeHUs 3¢ heKTUBHOCTM UCKYCCTBEHHOTO
YBJIQXXHEHUS TEPPUTOPUIA

benosepoBa TaTbsiHa l0pbeBHa belozerova@bmstu.ru
SPIN-kof: 1234-5678

MITY um. H.3. baymaHa, Mocksa, Poccusa

Annomayusn. Heecamusuvie nociedcmeus J1eCHbIX NONCAPOE COCMOSIM 8 NPUYUHEHUU 3HA-
YUMENbHO20 yuepda Kax IKOL0SUYECKOMY, MAK U IKOHOMULECKOMY COCIMOSHUIO Meppumo-
puu, a niowaou NOPANCEHHbIX NPOCMPAHCME O0ObIYHO NPEeGbIUAlOm NIOWAoU pPacnpo-
CMpaHeHusi NIAMeHU 3d Cyem pacceusanust 0bimoeozo oobaaxa. OOHUM U3 Memooos
CHUDICEHUST PUCKA JECHBIX NONCAPO8 SIGNLEMCS UCKYCCMBEHHOE VEIANCHEHUe Meppumopuil
C B8bICOKOU NOJNCAPOORACHOCMbIO. B Hacmosiwell pabome npeonodcen anbmepHamusHblil
Nn0OX00, OCHOBAHHMIU HA MEMOOAX MAUUHHO20 00YUeHUs..

Knrouegvle cnosa: necuvie nodicapbol, UCKYCCMBEHHOE YBNANCHEHUE MEPPUMOPULL, NOICAPO-
ONACHOCMb, Upe38blualinble CUMYAyUl, MauUHHoe 00yYeHue

Beenenue. JlecHble moXapbl OTHOCSTCS K OMACHBIM MPHUPOJHBIM KaTacTpoduue-
CKUM IpOLIECCaM, HAHOCSIIUM 3HAYUTEIbHBI YPOH 3KOHOMHUKO-IKOJOTHYECKOMY
COCTOSIHMIO TeppUTOpuii. HeraTuBHBIE TOCIIEACTBUS JIECHBIX IMOXKApOB COCTOSIT
B NPUYMHEHUHU yliepOa KaK SKOJOTHYECKOMY, TaK SKOHOMHYECKOMY COCTOSHHIO
tepputopun. OnHuM u3 Hanboiee IPPEKTUBHBIX CIOCOOOB YMEHBIIEHHUS Hera-
TUBHOTO BJIMSHUS JIECHBIX TI0KapOB SABJISIETCS HCKYCCTBEHHOE YBJIaXXHEHUE TEPpPU-
TOPHi, U MOBBILICHUA 3((PEKTUBHOCTH KOTOPOTO HEOOXOAMMO NPEeIUKTHBHOE
orpe/ieNieHre BEPOSITHBIX 30H BO3TOPAHUH.

Lenbio qanHON paboTHI ABISETCS NPEATIOKEHUE MTOIX0/1a K POTHO3UPOBAHUIO
JIECHBIX TT0KapOB, OCHOBAHHOTO Ha AJITOPUTME MAIIMHHOTO 00y4eHus «Jloructu-
YyecKasl perpeccus».

Metoabl M MaTepuaJibl, pe3yabTaThl. s pa3paboTKu METOINYECKUX HOA-
XO0ZI0B HEOOXOAMMO OCYIIECTBHTH COOP MCXOIHBIX JaHHBIX U BBIOOP anropurMma
JUISL TIOCTPOEHHSI MOJENU MPOTrHO3a. BRIOpaHHBIM alNrOPUTMOM SIBIISIETCS JIOTUCTHU-
yeckas perpeccus (Logistic Regression), mo3Bosstorias mojiy4arb BEPOSTHOCTHYTO
OLICHKY TIOKa3aTelsl MOXapHOH OMacHOCTH. Takke Ui pa3padOTKH METOINYECKUX
MOJXO/I0B IPOTHO3UPOBaHMUSA HEOOXOAMMBI: KapTorpaduyeckue MaTepuaibl, Me-
TeopoJiornieckas nHGOpMAaIHs; TaHHbBIC 00 0Yarax BO3rOpaHMs.

[Ipeanaraemble METOAMYECKUE MTOIXOABI MPOTHOZUPOBAHHUS PEATU3YIOTCS B TPH
OCHOBHBIX 3Tarna (CM. pUCYHOK):

KittoueBbIM 371eMEHTOM dTara CO3[aHusl MOJEIU M MOJYJISI IPOTHO3UPOBAHHUS
SBJISIETCS JIOTUCTHYECKAsi PErpeccusi — ajlrOpUTM MAIIWHHOTO 00Y4YeHHs, UCTIOJIb-
3yeMbIil IS pelieHus 3a1a4 OuHapHoii kiaccudukanuu [2]. OCHOBHAs Hes JOTH-
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CTHYECKOH perpeccuy 3aKiIFYaeTcsl B TOM, YTOOBI IPeACcKa3aTh BEPOATHOCTD PH-
HAJJIOKHOCTH OOBEKTa K OINpEeNeICHHOMY KIaccy, HCIONB3Ysl JIOTHCTHYECKYIO

byHKUIUIO

y(x) = D

1+e*

HO peSyHLTaTaM, HOHy‘IeHHBIM B X0I€ peaHI/I3aI_[I/II/I HpOFpaMMHOFO KOaa, 6I)IJ'I
HpOBC,Z[CH pacqu TOYHOCTH HpOI‘HOBa 10 MCTpI/IKC aCCUfacy, paBHOi/'I OTHOUICHUKO
BCPHBLIX ITPOTHO30B K III/ICJ'Iy BCCX IMPOTrHO30B

TP+TN

accuracy = =
Y IP TN+ FP+FN

0,81. )
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OaHHbIX

BTan co3gaHWA Modenu

YCPEOHEHHBIE
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| NPEOBIOYWErO MECAUA
MOOENb

MNPOrHO3WPOBAHWUA
*NOrMCTUHECKAR
PEMPECCHA"

APXWB OAHHbIX O
——— METEOPOMNOMNMYECKNX
NAPAMETPAX

BEPOATH
—_— BO3HWKHOBEHUA
BO3roPAHUA

— BA3A OAHHbIX

OToSpamenve UBETOBbLIX
MHOMKATOPOB

O6beanHeHwe No
HOOPOWHATAM

APOCTPaHCTEBEHHO-BPEMEHHbIM

NPOrPAMMHbBIA KOO
PYTHON ONA
ANroPTMA

"NOrMCTUYECKAA
PErPECCUA"

APXWB O0AHHBIX O
CNYYAAX BO3roPAHWA

OcHOBHble 3Tanbl npe,u,naraemon MeToan4YeCKMX NoaxoaoBs NporHo3npoBaHnA

3akaouenne. Mojenp MammHHOTO 00yueHHs «Jloructuueckas perpeccus»,
peann3oBaHHas Ha sI3bIKE MporpamMMupoBanust Python moxer siBisThes crocobom
NOBbIMEHNS 3QPEKTUBHOCTH PadOT IO MCKYCCTBEHHOMY YBJIAa)KHEHHUIO TEPPHUTO-
puit. [lna omenku 3(pPEeKTHBHOCTH MpeayiaraéMbIX METOIAMYECKHUX TOAXOMI0B HC-
MOJIb30BaIach METpHKa accuracy. OmnpaBaaHHOCTb INPOTHO3a IO pe3yibTaTaM
oneHku cocraswia 81 %.

CnuUcoK UCTOUYHUKOB

[1] MunucrepcrBo Poccuiickoit Denepannu Mo AesiaM TPaXKAAHCKOH OGOPOHBI, Ype3BbIYAHHBIM
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[2] Kuasukur B.H. Bribop merona OWHApHON KiIacCH(UKAIMK INPH TEXHHYECKOW ITHAarHOCTHKE
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MITY um. H.3. baymaHa, Mocksa, Poccusa

Annomayusn. Ilposedeno cpasHumenvhoe uccied08anue Memooos OUUCMKU NecKd, 3a2psi3-
HEHHO20 MA3YMOM, GKIIoYalouee OYeHKY d(DPHeKkmusHocmu u IKOA02UYEeCKol 6e30nacHo-
Ccmu pasiuuHslx n00x0008. Hapsoy ¢ npumenenuem Xumuieckux pacmeopumeliell, Wupoxo
UCNONIL3YEeMbIX 68 NPAKMUKE OYUCMKU, ObLIO U3YUeHO 8030elicmaue duopasiazaemvix bulimo-
8bIX MOIOWUX CPEOCM8, OOCMYNHbIX HA NOMPeOUmenIbCKoM puiHke. B pesyromame npoge-
OEHHbIX IKCNEePUMEHMOE BblsIGNIeHbL Hauboiee dhpexmusnvle cpedcmaa, obecneuusaroujue
6bICOKULL YPOBEHb OUUCIKU NPU MUHUMALbHOM 8030€UCMEUU HA OKpyicarowyio cpedy. On-
MUMUSUPOBAHBL NAPAMEMPbL NPOYECcd OYUCHKU, MAKUe KAK KOHYESHMpAayus. MOiowe20
cpedcmea u epemst konmaxma. Haubonee snauumenvhoe cHudicenue KOHYESHMpayuu mazy-
ma 6 necke ObLIO OOCMUSHYMO NPU UCNONb308AHUU DUOPA3IA2AeMO20 Cpedcm8ad Ollsi Mbl-
mbsi agmomooune.

Kniouegvie cnoea. ouucmia necka, 3azpsasHenue okpyicaiowel cpeovl, 3azpsa3HeHue mMaszy-
mom, buopasiazaemvie cpeocmsa, pacmeopumen

Beenenne. OuncTka necka oT Ma3yTa cTaja KpailHe aKTyaJlbHOM U CJIOKHOH 3a/1a-
yeit MHOTMX 3K0NOoroB [1]. CymiecTBYIOT HECKOJIBKO METOMOB OYHCTKH II€CKA,
HanpUMep, IKCTPAKIUS OPraHUIECKUMHU PACTBOPUTEISAMU ISl U3BIICYCHUS HeTe-
npoayktoB [2]. Ho maHHBINH METOJ SKOJIOTHYECKH HeGe30maceH 13-3a UCIOJIb30Ba-
HUS TOKCUYECKUX PACTBOPUTENICH, TaK e HYKHO YI€CTh UX BBICOKYIO CTOMMOCTH
Y BO3MOXKHOCTh BTOPUYHOT'O 3arpsS3HEHUS BOJBI, a TAKXKE CIIOKHOCTH TEXHOJIOTH-
9ecKoro mporecca. ECTe MeTo TepMUYECKOM AecOopOIHy, IpH KOTOPOM MPOHCXO-
JIUT HArpeB Mecka JI0 BBICOKHMX TeMIeparyp A ucrapenus Hedrenpomyktos [3].
Ho narpe Oompmmx o0ObEMOB TeCKa O BBICOKHX TeMIlepaTyp TpeOyeT 3Hadu-
TETBHBIX 3aTPaT SHEPTHUH, YTO AEIAET METOJ JOPOTOCTOSIINM U HEIKOJIOTUIHBIM
C TOYKH 3PEHUS BLIOPOCOB MAPHUKOBBIX T'a30B.

MeToabl 4 MaTepuajbl, pe3yabTaThl. B 1emsax uccienoBanus 3¢ heKTHBHO-
CTH OYHMCTKH IeCKa OT Ma3yTa OIPEJIEICH CIIOCO0 BBISBICHHUS ONTHMAIBLHOTO CPEl-
CTBAa, COYETAIONIETO BBHICOKYIO CTEIeHb OYHCTKH, MPOCTOTY, SKOHOMHYHOCTh
M CKOpOCTh. IIpoTecTHPOBaHEI PacTBOPUTEIH (FEKCaH, KCHUIION) W KOMMEPUECKHE
OuopasznaraeMbie MOIOIIME CpejacTBa (reiau, MOPOIIKH, CPEACTBA IS TMOCY/IbI
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U T. JI.) C TI000POM ONTHUMAIbHBIX KOHIIEHTPAIMIA i1 MaKCUMAIIbHOM 3()(heKTHB-
HoctH. [lepBuuHas Bu3yaiibHas OleHKa 3((PEKTHBHOCTH YAaJIeHUs] Ma3zyTa IPOBO-
Jqunachk ¢ noMounsio Mukpockona MCII-1, a konuuecTBeHHass — B aKKpEAUTOBAH-
HOH JabopaTopun (PU3UKO-XUMHUYECKAM aHATH30M (OMpe/esIeHHe KOHIICHTPAIUH
Ma3yTa B MI/Kr). Pe3ynbTaThl NpOMBIBKM TECKa IIAMITyHEM, I'eeM JUIS CTHPKH
U CPEJICTBOM JUTS yAAJICHHUs )upa coctaBuwin 86 mr/kr, 84 mr/kr u 82 mr/kr coor-
BeTcTBeHHO. [IpenBapurensHoe n00aBieHne pacTutesibHOro Macia (40 mi) moBbI-
wano 3¢dexTuBHOCTh 0uncTKH. Hammyummii pesynbrat (68 Mr/kr npu MCXOIHBIX
1500-2000 Mr/KT) HOCTUTHYT NP HMCIOIB30BAHUM CPENCTBA IS MBIThS aBTOMO-
ouneii (50 mt Ha 200 Mt ecka, 10 MuHyT).

3akouenne. B xoze mpoBeIeHHBIX SKCIIEPUMEHTOB OBLIO YCTAHOBJICHO, YTO
UCIIOJIb30BaHKE OMOpasiaraeMbIX I'eliei, MOPOIIKOB AJIsi CTUPKH, CPEJCTB ISl Mbl-
Thsl TIOCY/IBI, @ TAKXKE IIAMITyHEH (B TOM YHCIIe aBTOMOOWIBHBIX), B OTJIUYUE OT
0osice arpecCMBHBIX XMMHUYCCKUX METOZOB (pacTBOPHTENCH), XapaKTepHU3yeTcs
MEHBILIMM BO3JICHCTBHEM Ha OKPYXKAIOIIYIO Cpely NMpH BBICOKOH 3PPeKTHBHOCTH
(94-96,6 %) ynaneHus Ma3yTa U3 3arps3HEHHOTO Necka. [1oaydeHHbIe pe3yIbTaThl
CBUJICTENILCTBYIOT HE TOJILKO O BBICOKOH 3(p(pEeKTUBHOCTH, HO M O MPAKTUYECKOI
NPUMEHUMOCTH OHOpa3naraeMblX MOIOIIMX CPEICTB, YTO B CBOIO OYepelb MOJ-
TBEPXKJIAET UX DKOJOTMYECKYI0 0E30IacHOCTh W OTKPHIBAECT HOBBIC MEPCICKTHUBEI
JUIsl pa3pabOTKH JOCTYIHBIX, YCTOHYMBBIX TEXHOJIOTUH OYMCTKU MPUOPEKHBIX 30H
U IPYTUX TEPPUTOPHIA, 3arpSI3HEHHBIX Ma3yTOM.

CnMUcoK UCTOYHUKOB

[1] Kcenodonror b.C. @romayuonnas o6pabomra 600vt, omxodos u noussi. Mocksa, Hoeble Tex-
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[2] Usanos H.A. Kunemuxa npoyecca sxkcmpaxyuu neghmenpodykmos u3 00vl. ABroped. muc. ...
KaH[I. TeXH. HayK. MockBa, Mock. roc. yH-T umkenep. skosorun, 2010, 16 c.

[3] TMamkesuu M.A., BeikoBa M.B. Metonomnorusi TepMOAECOPOLMOHHON OYMCTKU JIOKAIBHBIX 3a-
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MHoro3BeHHas KanM6poBKa KNHEMATUKM POOOTOB - MAHMNYNATOPOB
C Ucnonb3oBaHuem poTorpaMmmeTpun
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000 «Pobonpo», Mockea, Poccus
2MITY um. H.3. Baymara, Mockea, Poccus

Annomayun. B npoyecce uzeomognenus u sxcniyamayuu 06020 uz0enusi Heu30exHcHo
HOSIGNSIOMCS OMKIOHEHUSI HOMUHATIbHBIX pazmepos om (axmuyueckux. Eciu pacxooicoenus
Hebonbuue, UMu MoICHO nperedpeds. OOHAKO € YYemoM 3HAYUMENbHBIX pa3mepos pobo-
MO8, HAKONAEHHAs. OWUOKA NOZUYUOHUPOBAHUS 6bIX00H020 36eHa (aghpexmopa) poboma
MOJIcem HaMHO20 Npesvbiulams mpedyemvle 3HA4eHUsl, HeobXooumble OJis 8bINONHEHUS PAOA
3a0ay. 3adaua KamubposKu NOCIe008aMeNbHO20 POOOMA-MAHUNYIAMOPA 3AKIIOUAEMCS
6 KOppeKmupogKe napamempos KUHeMamuieckol Mooeid poooma-MaHunyismopa makum
006pazom, ymobbl MUHUMUSUPOBATNE OMKILOHEHUE PACUEMHO20 NOJOICEHUSL BbIXOOHO20 36¢-
Ha poboma om e20 paxmuuecko2o nonodicenust. cnoavsosanue homospammempuu no360-
JIslem OCYWecmeansamby mMoyHoe NO3UYUOHUPOBAHUE 36€Hbes POOOMA, a MAKdice NO360Jsem
HPeOnoACUMb CnoCco6 KAmUOPOSKU KUHEMAMUKU ¢ UCHOIb308aAHUeM UHDOpMAYUY O NOJOo-
JHCEHUU HECKONIbKUX 36eHbes poboma.

Kniouesvie cnosa. xanubposka pobomos, KuHeMamukd, omospammempus, mo4HoCb,
ONMUMU3AYUSL

Beenenne. KanmmOpoBka KHHEMAaTHKH poOOTa — XOPOIIO M3y4deHHas 3a1ada. B -
TepaType MpeACTaBICHO MHOKECTBO METOJIOB, MPEAJaraloluX KaluOpoBKy poborta
1o BbIXOAHOMY 3BeHy [1-3]. Hannume TOYHOro M3MEepUTENIbHOrO METO/a IS MO3H-
HMOHUPOBAHUS 3BEHbEB pOOOTa — BaXKHASI COCTABIIAIONIAS KATUOPOBKM KHHEMATH-
KH. CyIIecTBYIOT METOABI TOYHOTO MO3HMIMOHUPOBAHUSA C MCHOJIb30BAaHUEM JIazep-
HBIX TPeKepoB [3-5], KOOpAMHATHO-M3MEPUTENILHBIX MamKH. TakKe CyIIEeCTBYIOT
CIOCOOBI MEXaHWYECKOH OIICHKM MO3MIMOHUpOBaHUs 3(dekropa podorta. [Ipen-
CTaBJICHHBIC METOJbl MMEIOT HEIOCTaTKU, B BUAE BBICOKOW CTOMMOCTH 00OpyIOBa-
HUS, CJIO)KHOCTH HACTPOMKH, TPYIHOCTH B TOYHOH oreHKe mapameTpoB. Kommpo-
MHUCCHBIM PpEIIEHHEM, C TOYKH 3pPEHHS COOTHOLIEHHS CTOMMOCTH, CIJIOKHOCTH
IKCIUIyaTallud ¥ TOYHOCTH OLEHKU HPOCTPAHCTBEHHBIX MOJOKEHUH OOBEKTOB,
NPE/ICTaBISAIOTCSI U3MEPUTENBHBIE METOABI HAa OCHOBE (pOTOrpaMMETpHH.

MeToabl U MaTepuaibl; pe3yJbTaTbl. Marpulieit Tpanchopmaruun M, €
€ SE3 ommceiBaeTcs MOJOXeHHe JokaapHOM cuctemsl koopauuaT (CK) orHOoCH-
TenbHO MupoBoi CK. [l ABHXKyIErocss MaHUIYJISTOPA, UCTIONb3Ysl U3MEPUTEIIb-
HYI0O CHCTEMY Ha OCHOBE (POTOrpaMMeTpuH, MOXHO ONpPENEIUTh MO3HULHUI0 HH-
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ctpymenta M ; B MOMEHTHI BpeMeHH j € [1..m) 11 COOTBETCTBYIOIIMX KOH-

. T
¢urypanuii podora {q j}}”zl,qj = (ql, A, j) . B Takom ciyuae 3amaga xamm0-
POBKH KMHEMATHKU POOOTa-MaHHITYIISATOPA CBOJUTCS K PEIICHUIO CUCTEMBI C YPaB-
HCHUAMMU BUIA

Wngl WMb len(q]) lth = 14)(47 (1)

JUISl M pasIuYHBIX KOH(Urypauui mpu u3BecTHoM WMy ;.
OTbICKaHKe TIOMPABOK MapaMeTpoOB sl CUCTEeMbI ypaBHeHuit (1) cBoauTes K
PELICHUIO ONITUMU3AL[MOHHOMN 3aa4H:

l — - l
4., YM,, "M, =arg mlnL(Ax, WMy, "Mt),
AXER4n_6,
WMpESE3,
InMy€SE3

L(4,, "M, '"M,)=

=Z;'n=122=1” v t_,jl' Y My, - szn(q]"Ax)' Lth'pk_pk”; 2

rlie Py — NPOHU3BOJIBHO BBIOpAaHHBIC rabapUTHBIE TOYKH HHCTPYMEHTA OTpE/IeicH-
Hble B CK nHCTpyMeHTa.

3amada (2) > ¢eKTHBHO perraeTcss METOAMH YHCIIEHHON ONTHMM3AIlH, Ta-
kMU Kak Metof ['aycca — HrroToHa, JleBenOepra — MapkBapATa 1 0JOOHBIMH.

doTorpaMMeTpusl MO3BOJISIET BBIYUCIUTH TPEXMEPHBIE KOOPAMHATHI METOK
(o6mako 3D-Touek) Ha MOBEPXHOCTH KaXKJOro 3Be€Ha poboTa. Pe3ynbTaToM sIBIIsSET-
Cs1 OTIpezieNieHHe TOJI0KEHUsI 00IaKOB TOUEK KaXKAOro 3BeHa oTHocuTensHo MCK.
B nanHoit paboTe mpearaercs MpoaBHHYyTas GOpMyIupoBKa 3aaa4n (2) mis yde-
Ta TpaHC(HOPMALIMK KaXKI0TO 3BEHA!

L(Ax: WMy, l1MC1,...’ ln]\/[cn)=
= ?:125‘”:121%:1” WMc_i,lj' My - lei(CIj'Ax)' liMci'pk_Pk”;

3akaouenne. B HacTodAeM HCCIeIOBaHUHM MPOBENEH aHAIN3 CYIIECTBYIO-
HIMX METOJIOB KAJIMOPOBKH pOOOTOB-MaHUMYJIATOPOB. Paspaborana Moaens HeBs3-
KM, TIpeIHAa3Ha4YeHHAas IS MPOBEJCHHS KaTHMOPOBKH Ha OCHOBE (DOTOTpaMMETpH-
YeCKUX M3MEPEHUH C OTCIIe)KMBAaHMEM HECKOJBKHX 3BEHBEB pPo0OOTa, MOKazaHa ee
3¢ GEKTUBHOCTD ISl BEICOKOTOYHOI'O OIPE/ICIICHUS TTOJIOKEHHUS 3BEHBEB.

Paboma svinonnena 6 pamkax 20¢3adanus
Munobpnayxu Poccuu (mema Ne FSFN-2024-0083).
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Annomayun. B oannou pabome paccMOmpeHo O3HUKAIOUjee MedHCcOy HA2pesamenlbHbIM
INEMEHMOM U IMUMMEPHOU 000I0YKOU KOHMAKMHOe 0aslieHue, 00YCl08NIeHHOe UX menio-
6biM pacuiuperuem. Onucan MexaHusm B03HUKHOBEHUS KOHMAKMHO20 OAGNIeHUs U e20 3d-
BUCUMOCb OM UBMEHEHUsT meMnepamypuvl Komnonenm. Ilpedcmasnenvt pe3yibmamot Ko-
JUYECMBEHHOU  OYEHKU BOZHUKAIOWe20 KOHMAKMHO20 O0a6ieHus Ol ONpeoeieHHblX
MAmMepuanos Ha2peeamenbHo20 1eMeHma u smummeproi obonouku. Coenano 3axKnoyeHue
obujetl nPOYHOCMU IMUMMEPHOU 000T0UKU ROO 8030eliCMBUeM MENL08020 U MEXAHUYECKO-
20 HAPYHCEHUSL.

Knwuesble cnosa. xonmaxkmuoe ()aeﬂel-tue, amummepHa 060]101”('0, Ha2p€6ame/leblL7 ajie-
MeEHM, memnepantyprHoe nojie, HanpssitceHue

BBenenune. B manHO# paboTe paccCMOTpeHO HAMpsHKEHHO-Ie(HOPMHUPOBAHHOE CO-
CTOAHUEC TCPMOSMUCCUOHHOTO ANOAA. HpOBCZ[GH aHaJIM3 BJIMAHUA HAarpe€Bsa SMUTTEC-
pa AuoJa U BEIUMYMHBI KOHTAKTHOTO JAaBJICHHS Ha HANPSKEHHOE COCTOSHUE Y3714,
C TEIBI0 OTMPEIEICHUS TPAHHUI] €ro PaboTOCTIOCOOHOCTH. ITO TO3BOJISIET OIEHUTH
HANPSHKEHHOE COCTOSHUE SMUTTEpPA HAa HAYAIBHOM dTane (PyHKIIMOHUPOBAHUS JIU-
0Jla, paccUUTaTh Harpy3Kd Ha SMUTTEPHYIO 000JI0YKY, 3HAYEHHsI KOTOPHIX B IIO-
CJICACTBUU MOTYT 6I>ITI) HCITIOJIB30BaHbI JJIsI OLICHKHU HHHTCHBHOﬁ IMPOYHOCTU COOT-
BETCTBYIOIINX KOMIIOHEHT MPEOOPa30BaTEIS.

MeToanl U MaTepHaJbl; pe3yjbTaThl. B paboTe HMCIONB30BAIUCH JTaHHBIC
0 pexume paboThl yCTpOMCTBa, pa3Mepax M Marepualiax 3MUTTEPHON O000JOYKH
U HarpeBaTebHOro 3aeMenTa [1]. DMuTrep npeobpa3oBaTess pacCMaTPHBAICS Kak
OCECUMMCTPpUYHAAd HWIMHAPHUYCCKasd 00051049Ka BHYTPEHHUM JUaMETPOM 9 MM
u HapyxHbIM muamerpoMm 10 mm. HarpeBaTenbHBIN 3J€MEHT paccCMaTpHBAJICH Kak
CIUIOIIHOM IWIMHAPUYECKUM CTEP)KEHb HapyXHBIM JTMaMETPOM, PaBHbIM BHYTPEH-
HEMY JHaMETPy SMHUTTEPHOU 000JI0YKU. MaTepuan HarpeBaTeIbHOTO dJIEMEHTa ObLIT
BBIOpaH M3 YKcIa KIIACCHYECKUX BEIIECTB, IPUMEHIEMBIX B TIOJJOOHOI TEXHUKE.

B xopne BeimonHeHus paboTHl B IEPBYIO O4epeb ObUIM pacCYMTaHBl TEMIIepa-
TYpPHBIC TOJISI IMUTTEPHON OOOJIOYKU M HarpeBaTeNIbHOro 3eMenTa. [Ipu pacuere
WCTIIOJB30BAIMCh THIWYHOE 3HAYEHHE MOIIHOCTH OOBEMHOTO TETUTOBBIIECIICHUS
HarpeBatelns [2], a Takke CIpaBOYHBIE TEIUTO(GU3NYECKHE CBOMCTBA MaTepHAIIOB
[1, 3, 4]. PaccMoTpeHa cTalOHapHas OCeCHMMETpUYHas 3amada. [ pereHus
TP QepeHINATEHOTO YPAaBHCHUSI CTAllMOHAPHOW TEIUIONPOBOJHOCTH JIMHTTEpa



36 Pycckuli uHxxeHep: Il MexxdyHapoOHbil koHzpecc. Mockea, 29 -3 1 okmsbps 2025 2.

OBLIM MCTIONIb30BaHbl TPAHUYHBIE YCIIOBHUS BTOPOTO M TpeThero pona. [lomyueHHbie
TeMIepaTypHbIE MO HCIIOIb30BAINCH IS ONpEAETeHHs TEMIEPaTyphl CPEeIHETO
CJIOSl AMUTTEPHOH O00O0JIOUKM W s pemeHus auddepeHnmnanb-HOro ypaBHEHUS
COBMECTHOCTH AcopMaIiuii B HANPsHKCHUSAX I HarpeBaTeIpHOro dneMenTa. [lo-
JYYEHHOE BBIPAXKEHUE NPUMEHSIIOCH AJIs OMPEEICHUs 3aBUCUMOCTH PaluaIbHOM
U OKPY>KHOM KOMIIOHEHT HaIpsDKEHMsI, KOTOpasi MO3BOJISIM ONPEHEIUTh paanalib-
HOE TIepeMEUICHHE TOYEK HarpeBaTeNIbHOTO JJIEMEHTa COTJacHO 0000IIeHHOMY
3akony I'yka.

3akaiouenne. [lomydeHHas COBOKYITHOCTh BBIPaKEHHUI IMO3BOJIMIIA OIperie-
JIUTH 3aBUCUMOCTH KOHTAKTHOT'O JAaBJICHUSI OT HarpeBa JeTalieil, CBOMCTB UX MaTe-
pHAIOB U T€OMETPUUYECKHUX Pa3MEPOB, bbulM onpeeneHbl BeTUUYMHb KOHTAKTHOTO
JABJICHUS JJIS KIACCUYECKUX KOHCTPYKIHN M PEKUMOB paboThl paccMaTpUBaEMO-
ro y3na. /laHa orieHKa MPOYHOCTH AMHUTTEPHOH OOOJOYKH B YCIIOBHUSX TEpMHUYE-
CKOTO M MEXaHMYECKOTO HarpyxeHus. Ha ocHOBaHMH BeTMYHMH HANPSDKEHUH SMHAT-
TEPHOU 000JI04YKH coriacHO runote3e Xyodepa — Mu3eca Oblia MpoBe/icHa OlCHKA
MPOYHOCTH JAHHOH JIETAIN B yCTAHOBHUBILIEMCS PEXXHME PabOTHI.

CnuUcoK UCTOUYHUKOB
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[3] Psadbuxkoe C.B., pen. Texwonocus mepmosMuccuornvlx npeoopaszosameneii CnpagouHux.
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PopuoHoBa CBeTnaHa iIMUTpreBHa

MITY um. H.3. baymaHa, Mocksa, Poccusa

Annomayusn. Llenvio pabomvl 5671510Ch U3VUEHUE MENIOBIX NPOUECCO8 U (PA306bIX Npe-
spaugenuil 8 scenezocooepicaugem wname npu naepege oo 1000 °C ons oyenru e2o mepmo-
cmabunvnocmu. Hcciedosanue nposedeno mMemooamu CUHXPOHHO20 MEePMUYECKO20 AHAIU-
3a u Paman-cnexmpockonuu. Inaguvim pe3yibmamom Cmaio ycmamosienue @axma
oxucnenuss macnemuma é cemamum npu ~760 °C ¢ oxuciumenvhoii cpede. Coenan 6v18600 0
NepCnekmusHOCMU NPUMEHEHUSL BbICOKOMEMNEPAMYPHbIX Memo008 Ol nepepabomKu
0aHHO20 wiiama.

Kniouegvie cnoea. oicenesocodepoicawuti  wiaiam, mepmudeckuil  ananus, Paman-
cnekmpockonust, (hazoevle NPeBPAujeHUsL, 2UPOMPOH, YMULUIAYUS OMX0008

Beenenue. AKTyanbHOCTh HCCIeIOBaHUS 00ycIIOBJIEHA HEOOXOAUMOCTBIO paspa-
00TKHM 3P HEKTUBHBIX METOMIOB YTHIIH3AINH KEJIE30COACPKAIUX MIIAMOB, OKa3bI-
BAIOIMX HETraTHBHOE BO3JCICTBHE Ha OKpyXatolryto cpeny [1]. TpamuumoHHbie
METOJbI MepepaboTKu yacTo Majaod(p(EeKTHBHBI, B CBSI3M C YeM NEPCHEKTHBHBIM
HampaBJIeHHEM SBISETCS HCIONBb30BAaHHE BBICOKOTEMIIEPATYPHBIX TEXHOJIOTHH,
TaKUX KaK THPOTPOHHBIM IJIa3MOXHUMUYECKUH PEaKTOp, MO3BOJIAIOUINN POBOAUTD
rimy6oKkyio TpaHchopMario Bemectsa [2, 3]. Takum oOpa3zoM, nzyueHue (ha3oBbIX
NpeBpalieHuii HeoOXOOUMO AJisi BHIOOpa ONTHMANBHBIX YCJIOBHI HepepaboTKH
¥ TTOBBIIICHUSI YKOJIOTUYECKOH Oe3011acHOCTH.

Matepuansl U METOAbI; Pe3yJbTaThl. DKCIIEPUMEHTAIBHBIC HUCCIICIOBAHNUS
NPOBOJMINCHE Ha CHHXPOHHOM TepMHuYeckoMm aHanm3arope Linseis STA PT1600
(marpeB B atmoctepax aprona um Bosayxa mo 1000 °C), Paman-crmextpomerpe
Optosky ATR8300 (razep 1064 um). O6paboTKa MaHHBIX BBHIMOIHAIACE B TPO-
rpammHbIX makerax OriginPro. TepMorpaBUMETPHYECKHI aHATIN3 B aprOHE BBISBUI
JBe cTanuu notepu Maccol: 3,16 % B untepBane 50-380 °C, cBsA3aHHOE ¢ yAaICHH-
em Biary, u 4,7 % B unrepsane 400-1000 °C, o0ycnoBieHHOE pa3iioKeHHEM Kap-
OOHATOB M OPTAaHUYECKHUX IPUMECEH.

[Ipu narpeBe Ha Bo3ayxe Ha yuactke 250-500 °C 3adukcupoBaHa moTeps
maccel (~4,5 %) B CBSI3U C HHTCHCHBHBIM BBIFOPAHUEM OPraHUYECKUX COCIMHEHHI,
4TO MOATBEepKaaeTcs dk3oTepmudeckuM 3ddexkrom Ha kpusoi JICK. Kiroueoit
ak3oTepMuueckuil 3¢ ekt npu 760 °C, compoBOKAAIOMMACH yBETMUCHHEM Mac-
CBI, COOTBETCTBYET PEaKINU OKHCICHHUS MarHETHTA B T€MATHT.

Jlannbpie PaMaH-CIIEKTPOCKONMH MOATBEPAUIN 3TOT (ha30BbId MEPEeXoj: B 00-
pasie, OTOXKEHHOM Ha BO3JyXe, WACHTU(HINPOBAHBI XapaKTepPHbIC MUKH Irema-
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turta (227, 291, 409, 613 cM™1), OTCYTCTBOBABIINE B UCXOIHOM MOpoInKe. JIokab-
HBII HAarpeB JIa3epoM TaK)Ke MPUBOAMI K TIOSBICHHIO CIIEKTPa TeMaTHTa, YTO J0Ka-
3BIBACT UCXOJHOE MPHUCYTCTBHUEC MArHETHTA.

3akmouenue. KOMIUIEKCHBIM aHATN30M YCTAHOBJIEHO, YTO MUCCIIETYEMBIH Ke-
JIe30COCPIKAIIMN 1IUTaM  SIBJISICTCST MHOTOKOMIIOHEHTHOW CHCTEMO Ha OCHOBE
MarHeTHUTa ¢ 3HAYUTEILHBIMU MPUMECAMH OpPraHUKU U Biard. OnpeneeHbl KPUTH-
YeCKHe TeMIIepaTypHbIe JMANa3OHbl €ro MpeoOpasoBaHUs: yAaJeHHE JIETYUHX
kommonenToB (o 500 °C) u okucnutenpHas cradbunuzanus B remarut (~760 °C).
IMony4yeHHBIe JaHHBIE KOPPEIUPYIOT C MPHHIIAIIOM pabOThl THPOTPOHHOTO ILIa3-
MOXHUMUYECKOTO DPEaKTOpa W TMOATBEPKAAT MPUHIMITHAIBGHYIO BO3MOXKHOCTh
MPUMEHEHUS BBICOKOTEMIIEPATYPHBIX METOJ0B s 3 dekTuBHON 1 OGe3omacHoi
nepepaboTKH JAHHOTO BHIa OTXOJI0B C MOTyYeHHEM HHEPTHOTO MPOIYKTA.

CruUCcoK UCTOYHUKOB
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Annomayus. B pabome ucciedosano enusHue mepmuyeckol oopabomku na onmudeckue
ceoticmea moukux nieHok okcuoa maumana (V), HaHeceHHbIX Ha 2epMaHuUesdble NOOTIONCKUL.
Hoxkazanwl onmuueckue xapakxmepucmuku nocie xascoozo omoicuea (100600 °C) ¢ uc-
nonvsosanuem UK u pamanoscxoii cnekmpockonuu. Takoce no cnekmpanbHbiM OAHHbIM
OMPpadceHus 6 SUOUMOM OUANA3OHE PACCUUMBIBANAC, MOIWUHA NOKpbimuil. [annoe uc-
CIe008aHUe HANPABTIEHO HA CO30AHUEe U anpOOAYUI0 MEMOOUKYU U3VUEHUS MOHKONIEHOUHBIX
NOKPbIMULL NOCE MePMUYEcKoli 00pabomxku.

Kniouesvie cnosa. ousnexmpuyeckue nNOKpblmusi, meniopusuieckue ceoucmed, onmuye-
cKue ceolicmea, NoaynposooHuKossvle noonoxcku, MUK-DPypve cnekmpockonus, moHKue
nJeHKu

Beenenne. Oxcua tantana (V) sIBISIETCS MEPCIIEKTHBHBIM MaTEPHAIOM ISl MUK-
PORJIEKTPOHHUKH U (DOTOHHMKH OJ1aroaapst BHICOKOH IUAIEKTPUUECKOH MPOHHIIAEMO-
CTH, XUMHYECKOW yCTOHYMBOCTH U TIPO3PAYHOCTH B IIUPOKOM CHEKTPAJIBHOM JHa-
nazone [1]. 'epmanmuii, B CBOIO OYepeib, BOCTPEOOBAH B ONTHYECKHX CHCTEMax
u uHppakpacHoi TexHHKe [2]. COBMEICHUE ITUX MATEPHAIOB B (OpME TOHKO-
IUICHOYHBIX CTPYKTYP OTKPBIBAET BO3MOKHOCTU IJISI CO3MAHMS JHANIEKTPHUUCCKHUX
MOKPBITHH, KOTOPBIE YJIYYIIAIOT ONTHYECKHE XapaKTEePUCTUKH U 00eCHeYHBAIOT
samuty nouoxkku [3]. CyliecTBeHHOE 3HaYCHHE TPH 3TOM UMEET YCTOWYHBOCTh
TaKUX CHCTEM K TepMHUuUecKoll oOpabotke. Llenbio nccliefoBaHus CTAN0 H3y4YeHHUE
BJMSHUS OTXKMIa HA ONTHYECKUE XAPAKTEPHUCTUKU TOHKOIUICHOYHBIX MOKPBITHH
OKCH/Ia TaHTaJIa, HAHECEHHBIX HA TePMaHHUEBbIC TIOJIOKKH.

Metoapl 1 MaTepuaibl, pe3yJbTaThl. PaccMaTpuBanycy Tpu THIA 00pa3IoB:
HOJTUPOBAHHBINA TepMaHKii, repMaHuii ¢ IeHKOH TaOs onTHYECKO# TOMIHHBI A2
U C TOKpbITHEM TOMIUHON A. ToNIMHA TUIGHOK ONpeaeisuiach H3MEPUTEIIEM
Optosky SM230 no cniektpam OTpaKeHUsI; Uil YTOYHEHHMSI MCIOJIb30BaJIOCh COIO-
CTaBJICHHE C PACUCTHHIMHU JaHHbIMU. ONTHYECKHE CBOMCTBA MCCIIENOBAINCH METO-
mamn MK-®ypre (Bruker Vertex 70) u pamanoBckoit criekrpockornuu (Optosky
ATR8300). [Toy4eHbl CIEKTPBI MPOITYCKAHKMS U OTPAXKEHHUS, paCCUUTaHbl KO3(DhH-
IMCHTHI TOrJIomeHus. Tepmuueckas obpaboTka mpoBoamnacs npu 100-600 °C
B aTMOc(hepe aproHa ¢ HOBTOPHBIMH CIIEKTPaJIbHBIMU U3MEpEHUAMH. JlononHuTens-
HO MeTozioM Bembitiky (Linseis LFA 500) ompenensiiack TemMeparypornpoBOIHOCTb
repMaHHsl; BKJIaJl TOHKHX IJICHOK B CHTHAJ HE PErUCTPUPOBAJICS.
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W3mMepeHHbIe TOMMIMHBI MOKPBITHH cocTaBuin = 92 U ~ 184 uM. YBenuueHue
tonumHbl 1805 NpUBOAMIO K pocTy mpo3padHocTH B cpenHeM MK-amamasone.
CIieKTphl OTpaXKEHUs B BUAMMOW 00JIaCTH W3MEHSUIHCH TOCIIE OT)KUTOB, BEPOSITHO,
u3-3a 00pa30BaHKs OKCHHOM TuIeHKH Ha repmanuu. [Ipu 600 °C obpasen M2 cra-
HOBWJICS BU3YQJIBHO TPO3PAYHBIM, YTO YKa3bIBACT HA 3HAYUTEIBHBIC CTPYKTYPHBIC
nepecTpoiiku. PaMaHOBCKasi CIEKTPOCKOMNHS BBISIBHIIA MKW T€PMaHMs M OPOIIKA
TayOs, HO CHTHANBI OT TOHKUX IUICHOK OKAa3aJMCh HIDKE YyBCTBUTEIBHOCTH NpH-
6opa.

3akmiouenue. [lonyyeHHbIE pe3yNbTaThl MO3BOJISIOT CAENATh BBHIBOJ, YTO YBE-
JWYCHHUE TOJIMHBI TJICHOK COMPOBOXKIAIOCH POCTOM MPOIMYCKaHHsI B CpPEIHEM
MH(paKpacHOM JHarna3zoHe, a HabJIogaeMble U3MEHEHUS B BUIUMBIX CIIEKTPax OT-
paXXeHUsI CBUAETEIHCTBOBAIN O BBHICOKOW UyBCTBUTEIHFHOCTH CHCTEMBI K 00pa3o-
BaHUIO OKCHHOTO CJIOS Ha TOJUIOKKE.

CruUCcoK UCTOYHUKOB
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MpoekTupoBaHMe 1 pacyeT NHEBMaTUYECKUX NPUBOJOB
AHTUNOMMAXHbIX KJ1aNnaHOB

BonkoB Makcum ButanbeBuy Wolfgung88@mail.ru

AO «HI0 Pezynsamop», ipocnasnb, Poccus

Annomayus. Paccmompenvl 0CHOSHbIE NOOX00bl K NPOEKMUPOBAHUIO AHMUNOMUAICHBIX
pecyaupylowux Kiananos, 6KIIOUds COCMAasienue NHesMamuiecKol cxembvl, npogeoenue
pacuema @pemenu NOIHO20 X00a pe2yrupyroujeco opeana. IIpedcmasnen paspabomanHuiil
A6MOPOM ANCOPUMM YUCTIEHHO2O ONPeOeNieHUs BPeMeHU OMKPbIMUS U 3aKPbIMUs aHmu-
HOMRAJCHO20 KIANAHA C HOPMATIbHO OMKPLIMbIM NHEGMAMU4eckum npueooom. Paspabo-
mana PV-ouazpamma 2azo8vix npoyeccos, Npoxooawux 8 yuiunope. Pazpabomannulii an-
20pumm anpoouposan Ha NApPMuU AHMUROMRANCHLIX KIAnaHos 01s Komnawuu Hopmeas
U NOKA3a YOOBNEMBOPUMENLHYIO CXOOUMOCHb C NPOBEOEHHBIMU UCTILIINAHUAMU.

Knwuesnlie cnosa. Komnpeccop, nomnaoaic, AHMUNOMNANCHBLI KilanaH, 4HucjieHHnvle Memodbl,
epeMsl 3aKpvlmust, 6pems ONMKpovinusi.

Beenenue. [lommaxk — 3710 HanboJiee omacHOE SABJICHUE B PabOTE MEHTPOOCIKHBIX
M OCEBBIX KOMIIPECCOPOB, OHO XapaKTEPU3YETCsl HEYCTOMUUBBIM PEKUMOM PabOThI
C pe3KUMH KoJeOaHUsMH JaBlIeHUS U pacxoja pabouelt cpe/ibl, HI3KOYaCTOTHBIMHU
BuOpanusaMu u xjionkamu [1]. Oaun u3 MeTom0B OOPHOBI C ITOMITaXKOM OCHOBAH Ha
OTBOJIC YaCTH Ta3a C BhIXOJla KOMIIPECCOpa Ha €ro BXOJ[ 4Yepe3 peryiupyrolee
YCTPOMCTBO, KOTOPOE IOJDKHO TMONHOCTHIO OTKPHITHCA MEHee 4eM 3a 2 CEeKYHJbI
[2]. JIs1st ocyIecTBICHHS TaKOH PEIMPKYIIAIUY ra3a [enecoo0pa3Ho UCIoIb30BaTh
0CECceBbIe PETYIUPYIONINE KIIalaHbl, T. K. OHM UMEIOT HU3KOE THAPABIMYECKOE CO-
IIPOTUBJICHUE, obecreunBaoT TOYHYIO pacCXOAHYIO XapaKTCPUCTUKY, UMCIOT IIOJI-
HOCTBIO Pa3rpyKECHHBIA PETyJIUPYIONIMHA 3JIeMEHT. B kadecTBe mpuBOAa BBIOpaH
MOPIITHEBOH HOPMAaJbHO OTKPBITHIA MHEBMATHYECKUH IPHUBOJ OJHOCTOPOHHETO
JIEUCTBUA.

MeTtoabl 1 MaTepHAJbI; pe3yJbTaThl. Pa0OTY MHEBMATHYECKOTO IMIMHAPA
MOYKHO pa3/Ie/IUTh Ha HECKOJIBbKO ITAIOB, MOKa3aHHbIX Ha PV-muarpamme (puc. 1).
B HauanbHBII MOMEHT BpEMEHH, KOT/Ia MOPIICHb IWIMHAPA HAXOAUTCS B BEPXHEM
MOJIO’KEHUH, a Ta3 HauYWHAET IMOCTYNaTh B €r0 IOJIOCTh MPOUCXOAHUT HM30XOPHOE
HaroJIHeHHe HadaibHoro obbema (mporiece 1-2). TTocie MOCTHIKEHHS TaBIICHHS
Hayvaja JBUKCHUS TOPIIHS, KOTOPBIH 3aBUCHT OT OCEBOT0 YCWJIMS IITOKA M TMPE.-
BapUTENILHOTO TOJKATHUS MPYKHUHBI TIPOUCXOJUT Tporiece 2—3, IPSIMOIMHEHHOCTD
M300pakeHUsT KOTOPOTO TPOJMKTOBAHA HAIMYHMEM MPYKUHBI B mpuBoxe. Ilocie
JIOCTHKEHHUS TIOPIITHEM HIDKHEH MEpPTBOW TOYKH MPOHWCXOIUT IOJHOE 3aIOJTHEHUE
LWIMHJPA ra30M, 3TOT HPOIIECC OMUCHIBAETCS OTPe3koM 3—4, KOTOPBIi TOXKE MOXK-
HO CUMTATh U30XOPHBIM. TakuM 00pa3oM 3aTBOP 3aKpPHIBACTCS, a BPeMs MPOTEKa-
HUS TIporieccoB 1-2—3—4 sBisieTcss BpeMEHEM 3aKPhITHS aHTUIIOMIIKHOTO Kiiara-
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Ha. Ero OTKphITHE MPOUCXOIUT B 0OPATHOM MOPSIIKE U HAYMHAETCS O cOpoca JiaB-
JICHUsSI U3 [WJIMHPA U HAYMHACTCS M30XOPHBIH mporiece 4—3, KOTOPhI COMPOBOXK-
JlaeTcs MajeHUeM JaBJICHUs B LWJIMHIApPE 10 TAaBICHUS HIDKHEH MEpPTBOH TOYKH.
ITocie mPOMCXOAUT MpOlECC 3—2 M MPOMOJIKACTCS 0 JOCTHXKCHHS IOPIIHEM
BEPXHEH MEPTBOW TOYKH, YTO SBJISIETCS OKOHYAaHHEM OTKPHITHS KianaHa. Bo3spa-
HICHUE [HKJIA K CBOEMY Hadally 4epe3 U30XOpHbBIN mporiecc 2—1 Ha BpeMs OTKPbI-
THUsI KJlaraHa He Biuser. [1o mpuBeIeHHBIM MpoIieccaM ObLI COCTABICH allTOPHUTM
pacdeTa BpeMeHHU cpabaThiBaHKs, KOTOPBIH MMO3BOJIMII COCTaBUTh THEBMATHUECKYIO
CXeMy | 1mo100paTh HaBecHOe 000pyTOBaHHE.

7 4

pV-anarpamma paboTbl THEBMATUYECKOro Np1BOAA
OAHOCTOPOHHEr0 AeiCTBMA aHTUMOMMAXHOIO KnanaHa

3akimouenue. OT CKOpPOCTH PabOTHl aHTHITOMIIAKHOTO PETYIHPYIONIETO Kiia-
MaHa 3aBHCHUT IIEJIOCTHOCTH JOPOTOCTOAIIEr0 KOMIIPECCOPHOTO 000pYAOBaHUS.
[Ipemnaraemast MeToMKa pacdera OMOTAET BHIMOJHUATH TPeOOBaHUE O OBICTPO-
JIEHCTBUIO PETYJIHPYIOMIETO YCTPOICTBA, €€ d(()EKTUBHOCTH OblJIa HEOTHOKPATHO
noxareepxkaeHa onsIToM AO «HITO Perynsatop».
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OnbIT TyGKMHCKOro yHUBEpCUTETA B NOATOTOBKE CNELUANINCTOB
B 06J1acTM TexHOoC(hepHOoi 6e30nacHoCTH

ne6oBa EneHa ButanbeBH glebova.e@gubkin.ru

®omuHa EkaTepuHa EsrenbeBHa”  fomina.e@gubkin.ru

PrY ne¢pmu u 2a3za (HWY) umeHu U.M. T'ybkuHa, Mockea, Poccus

Annomauyusn. I[Ipedcmagnenvt ocHogHble pe3yibmamsl pabomsl Kageopvl NPOMbIULIEHHOU
bezonacrHocmu u 0Xpanvl OKpyscaroujeli cpeovt I yOKUHCKO20 YHUepcumena 6 noO20mosKe
cneyuanucmos ¢ ooracmu mexHocgheprou be3onacHocmu, noxyuenHvle 61a200aps 6b1COKO-
KEATUGUYUPOBAHHOMY NPOGDECCOPCKO-NPenooasamensckomy cocmagy Kageopsl u cu-
cmemMHoMY N00X00Y YHUgepcumema K obecneueHuio 06pazo8anisl 6 Yeiom.

Knrouesvie cnosa. mexnocepnas 06e30nacHocmv, oxpana mpyod, npomvluiieHHas 6es-
ONACHOCMb, NOO20MOBKA CNEYUATUCTIOB8

Beenenne. Kadenpa npoMbinieHHOH 0€301M1aCHOCTH M OXPaHbl OKPYKAIOILEH Cpeibl
I'yOkunckoro ynuBepcutera ocHoBaHa B 1952 r. B 1995 r. mpoBeneH nepBblid
B CTpaHe HAOOp CTYyAEHTOB Ha HOBYIO creruanbHocTh — 330500 «besonacHoCTh
TEXHOJIOTHYECKUX MPOLIECCOB U MPOU3BOJCTB (B HE(TEra3oBoii oTpaciiu)», u kadeapa
U3 o0IIenKeHepHOHt cTana Beimyckaromieil. B 2000 r. ocymecTBieH nepBbIii BBITYCK
umkeHepos 1o cnenuanbHocTr 330500, B 2011 r. kadenpa Havama OArOTOBKY Oa-
kanaBpos 1o Hanpasienuo 20.03.01 «Texnocdepnas 6e3onacHocTs». B 2015 1. ObLn
OCYILECTBIIEH BBIITYCK TIEPBOI TPYIIIEI OaKkalaBpoOB M HaYaTa MOATOTOBKA MarkCTPOB
no Hampasnennto 20.04.01 «Texuochepras OezonacHocTb» [1]. Ha ceromusiiamit
JIeHb Kadenpa eXerogHo BBITYCKaeT OKoyso 25 OakanaBpoB W 15 MaructpoB 1o
HAIpaBJIeHNIO MOATOTOBKH «TexHochepHas Oe3zomacHOCTH». [Ipn moaroToBke cre-
UATUCTOB Kaeapoil OCHOBHOM aKIEHT JieflaeTcsl Ha 00JacTH OXpaHbl TpyAa U Ipo-
MbIIUIeHHOW Oe3zonacHocTH. Taroke kadeapa 3aHMMaeT OAHO M3 JHAMPYIOMINX MECT
B YHUBEPCUTETE B 00CCICUCHUH JOTOJHUTEIHLHOTO MpodeccnoHaIsHOTO 00pa3oBa-
HUS pPyKOBOJIUTENEH U CIIEIHAINCTOB He()Tera30Boro KoMruiekca, tak B 2024 r. pea-
J30BaHO 17 JONOTHUTENBHBIX MPO(ECCHOHANBHBIX IPOTpaMM, U3 HUX 14 yHUKaib-
HBIX — aBTOPCKHX pa3pabOTOK nperno/asareneii kadenpsr [2, 3].

Martepuajabsl U MeTOABI, pe3yJbTaTbl. CBeleHHS O BBIMYCKE CTYJCHTOB
HarnpaJieHHs OAroToBku «TexHocdepHas O6e3onacHOCTs» ['yOKHHCKOTO YHUBEp-
cutera npexacrasieHsl B Tabn. 1. 3a mocnennue 10 ner moarorosneno 227 Gaka-
naBpoB U 129 maructpos.

EsxeronHo BBHITYCKHMKH MO HaNpaBieHHIO NOAroTOBKH Oakanaspuata 20.03.01
«TexHocepHas 6e30IaCHOCTE» IO MPOTpaMMe MOAroTOBKU «be3omacHoCTh Tex-
HOJIOTHYECKHUX TPOILIECCOB M MPOU3BOJICTB B HE()TEra30BOM OTPACIH» yYacTBYIOT
B Denepa’lbHOM MHTEPHET-9K3aMEHE W 3aHUMAIOT JUAUpYylolee Mecto B Poccun
(rabm. 2) [3].
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Tabauya 1
CBeeHus1 0 BBIMYCKe CTYeHTOB HanpapjeHust noaArorosku «Texnocdepnas
0e30MacHOCTb»
I'ox BbIMycKa BakanaBpbl Maructpsi

2024 25 15

2023 23 16

2022 26 13

2021 24 15

2020 27 15

2019 18 18

2018 22 20

2017 21 17

2016 21 0

2015 20 0

Hmozo 227 129
Tabauya 2
Hrorn nHTEepHET-3K3aMeHa BBHINYCKHUKOB 0akaiaBpuarta 3a nepuon 2021-2024 rr.
KommyecTBo cepTunKaToB 10 ypoBHAM
Tonx g : Bcero
3oa0T0i1 CepeﬁP " Bponfo Ceprudukar ydacTHHKA
HBIi BBIii

2024 11 7 4 3 25
2023 9 3 7 3 22
2022 5 9 7 3 24
2021 6 10 2 2 20

3akioyenne. B HacTosiee BpeMsl BBIIYCKHUKH Kaeapbl 3aHUMAIOT PyKoO-
BOJISIIIME IOJDKHOCTH B BEIyIIMX He(hTera3oBbIX KOMIIAHMsIX, TakuX Kak [TAO «[a-
3mpom», [TAO «HK «Pocredts», [TAO «JIYKOMJI», ITAO «Tpaucuedts» 1 ap.,
obecrieunBas 6€30I1aCHOCTh TOIIMBHO-3HEPI€THUECKOI0 KoMILIeKkca Poccun.

CruUCcoK UCTOYHUKOB
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puHueHko Cepreit Hukonaesuu sgrinchenko@ipiran.ru

SPIN-kopa: 5614-3620

dULY «MHpopmamuka u ynpasneHue» PAH, Mockea, Poccus

Annomayun. Cogmecmumocms Buoceocghepvr u Yenosevecmea anaruzupyemcsi na 6aze
paccmompenus ux Kak KubepHemuyeckux cucmem, CamOynpasisiouuxcs no aneopummam
uepapxuiecKol NOUCKOB0U ONMUMU3AYUU, OPUEHMUPOBAHHOU HA NEePMAHEHMHOoe OnCie-
JHCUBAHUE IKCMPEMYMOB YeNe8blX PYHKYUL IHepemuiecko20 XapaKxmepa coomeemcmey-
FOWUX DNEMEHMO8, C 02PAHUYEHUSMU MUNna paseHcmelHepasencme, u CUCMeMHOU Nnamsi-
mbio.

Knrouesnie cnoesa. camoynpasjiArowasacst cucmema Euoeeocqbepbl, uepapxuieckas noucko-
8ASl ONMUMU3AYUAL, 6uocgbepnaﬂ cosmwecmumocms

BBenenmne. B nocneaHuie ronbl B TUTEpAType BCE Yallle BBEABUTAIOTCS W apry-
MEHTUPYIOTCS MO3UIKHU, 4TO «3emiisi — JKuBas», 4TO 4elnoBEeKy HE0OXOIUMO
«CTPOUTHh FaPMOHHMYHBIC OTHOIIEHUs ¢ buocdepoil, cHMOMOTHYECKH BCTPauBaTh
ropomga B mpupoxy» [1, c¢. 10]. Pa3mensss B LEIOM DTH TO3UIMH, TPHUXOIUM
K HEOOXOJMMOCTH BBISBJIICHHS BHYTPCHHHMX CTPYKTYyp buocdepsr 3emin kak
CHUCTEMBI, U IPEXIE BCEr0O — MEXAaHHU3MOB, Aenaromux el «Kupoit», n Yenose-
YeCcTBa Kak CHCTeMBI [2, 3], ¥ yCTaHOBJIEHHUS MMapaMeTPOB B3aNMOBIIHSAHUS U CO6-
MeCmuMOCmy aKTyaJbHBIX OMOC(HEPHBIX U AHTPOIOTCHHBIX IMPOLECCOB TEXHO-
ctepsr, conmocdepsl, napochepsl, Hoochepsl, 1 ap.

Martepuansbl, METOIbI U Pe3yJbTAaThl. B KauecTBe mapamMerpoB, M0 KOTOPHIM
MOYKHO CYIHTh O COBMECTHMOCTH/HECOBMECTHMOCTH CaMOYIIPABIISIOIINXCS CHCTEM
Broreocdepsr n YenoBedecTna, mpemaraeTcsi BEIOpaTh XapaKTEpPHbIE BpEMEHA W3-
MEHEHHS CHCTEMHOI MamsTH — pe3yJbTara aJalTHBHBIX BIWSHUK (C WHEpIIUEH)
MIpeICTaBUTENICH BBIMIENEKAIINX HEPAPXIMUECKIX SIPYCOB HA CTPYKTYPY U TIOBEICHNE
BJIOXKCHHBIX B HHUX HrDKelexanmx. OTMEUeHO, YTO Ha HavaJIbHOM JTarle Pa3BUTHUS
YenoseuectBa (¢ ~123 Thic. JieT Ha3an, HOMO sapiens, GasucHas nHOpMAIMOHHAS
TEXHOJIOTHSI PEYN/A3BIKa), MMENNa MECTO ITOJHAsS CHHXPOHHM3AIMS TPOIIECCOB KUBOM
U JIMYHOCTHO-TIPOU3BOJICTBEHHO-COIMAILHOM TpUpobl. Ha Bcex mocnemyronmx
sranax passutus Yenoedectsa (¢ ~8,1 Thic. JieT Ha3aa U Jajee) UX MPUCIIOCOOH-
TEJBHBIC TIPOIIECCHI CYIIECTBEHHO YOBICTPSUIUCH MO OTHOIICHHIO K OHOJIOTMYECKUM
(Toro e ypOBHSI WHTETPAIMH), YTO MPHUBOIUT K aOCOTIOTHOMY MPEBATMPOBAHUIO
AHTPOIIOICHHBIX TMPOIECCOB CAMOYIPABJICHUS HaJl COOTBETCTBYIONIUMH OHOIeolie-
HOTUYECKUMH, T. €. K HECCOBMECTUMOCTH TIEPBBIX U BTOPHIX. HarpoTuB, TeMIbI MpH-
CIOCOOUTENBHBIX TIPOILIECCOB CHCTEMHOTO CaMOYIPABICHUS, IEMOHCTPUPYEMbIE
BHYTPHOPraHU3MEHHBIMH OMOOOBEKTaMH, HA MOPSAIKH OINEPEkKAIOT TEMITBI aHTPOIIO-
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T€HHBIX IIPOLIECCOB CaMOYIPABJICHHS JII000T0 YPOBHS MHTETpally B cuctemMe Yerno-
BEUYECTBA, JIaBasi BO3MOXKHOCTh MEPBBIM IPUCIOCOOUTHCS KO BTOPBIM, YTO B IPHH-
urne obecrevnBaeT MPENOChIKH ONpeaeIeHHol nx coBMecTuMocTh. Crienan BbI-
BOJl O HEOOXOJMMOCTH KOPPEKTHPOBKH H3IIMIITHE TEXHOKPATHYECKOTO IMOJXO0a
K caMoMy MOHATUIO L{MBUIM3aLuK, TOTIOHKB €T0 aKIIeHTOM Ha UenoBeka, ero kaue-
CTBA )KU3HH, OJIaroJICHCTBHS, IIPOIBETAHMS U PENPONYKIMU. Brirouas Mepsl 1o Oe-
PEKHOMY OTHOILCHHUIO K OKpY’KAarollel M BMEIIAIOIIEH ero MPHpoJAe U CO3AaHUI0
OnmaronpusTHON cpebl OOUTaHMS.

Pesynbrarel aHanu3a: 1) TeMIbl IPUCITOCOOUTENBHBIX MPOIECCOB CHCTEMHOTO
CaMOYIIpaBJIeHUs, IEMOHCTPUPYEMbIe O0BbEKTaMH YPOBHS T'OPOJOB M IOCEICHUI
B paMKax cuctembl YenoBedecTBa, Ha MOPSAKH OINEPEKAIOT TEMIIBI aHAJIOTHYHBIX
HPOLECCOB OOBEKTOB YPOBHS OMOT€OIIEHO30B U MapIieill B paMKax CHcTeMbl buo-
reocdepsl; 3TO IPUBOAMUT K a0COIIOTHOMY MPEBATMPOBAHUIO aHTPOIIOTEHHBIX MPO-
[IECCOB CaMOynpagienus HaJl COOTBETCTBYIOIINMHI ONOT€OIEHOTHIECKUMH, TIPHBO-
JSIIAMU K HecoeMecmumMocmy TePBbIX H BTOPBIX;

2) TeM 0oJiee 3TO OTHOCHTCSI K CO3ZHAMENbHbIM YNPABIEHYECKUM NEHCTBHIM
YeJI0BeKa, BIUSIONIAM Ha ero OMOOKpYKEeHHE, KOTOPBIE MOTYT IPOUCXOIUTH C JIFO-
OBIMM JIOCTYIIHBIMU TEMIIAMH, OYEBUAHO MPEBOCXO/SIIUMH TaKOBbIE, IEMOHCTPH-
pyeMsle TporieccaMu camoynpasienns B buoreocgepe;

3) HANPOTHB, TEMIIbI IPHCIOCOOUTEIBHBIX MPOLIECCOB CUCTEMHOTO CaMOYIIPaB-
JICHHs1, IEMOHCTPUPYEMBIC GHYMPUOPLAHUSMEHHbIMU OUO0OBEKMamu YPOBHS OpraH-
TKaHb-KJIETKa/9BKapHUOT-¢€ KOMIIAPTMEHT-e¢ CyOKOMIapTMEHT-IIPOKAPUOT-MaKPO-
MoJieKyna (T. €. MPEAMETOM H3y4YeHHsS MHKPOOHOJIOroB, (DH3MOJIOTOB, MEIHKOB
U JIp.), Ha TIOPSIJIKU OTIEPEIKAIOT TEMIIBI AHMPONO2EHHBIX NPOYECCO8 CAMOYNPABTIEHUS.
nr000T0 YPOBHS MHTETpaIMH B cucTeMe YenoBeuecTBa, aBasi BO3MOKHOCTD TIEPBBIM
HPHCIOCOOUTHCS KO BTOPBIM, YTO B MPUHIIMIIE 00ECIICUMBACT NPeOnoChLIKU onpede-
JIEHHOU ux coemecmumocnu (B 3J0POBOM TeJle — 3JI0POBBIH JIyX»).

3akmiouenne. OGecrieueHUE OUOCHeEPHOl COBMEeCMUMOCHY TIPOLIECCOB JKU-
BOW W JIMYHOCTHO-TIPOW3BOJCTBEHHO-COIMAIBLHON NPHPOABI, HEOOXOAMMOE IS
BBDKMBAHUS YeIOBeKa Ha 3emiie, TpeOyeT OT Hero, MpH MPOTHO3MPOBAaHUH U pea-
JM3alM BO3MOXKHBIX aHTPONOT€HHBIX BIMSHUI Ha KMBOE, OIOPHI HA TEOpeTHYe-
CKHE OICHKH WX JKOJIOTHYECKUX U COIMAIBHBIX TOCJIEACTBUI JIII MUHHUMU3AIUH
MOTEHIUAIBHOTO Bpea.

CrucoK UCTOYHUKOB
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Annomayus. Paccmompenwl kniouesvie omautus meepovix uacmuy (noliu) om 2azoobpas-
HbIX 3A2PAHAIOWUX 6EULeCIE 6 KOHMEKCMe IKOA02UHecKo20 Monumopunea. Ilokasano,
umo nogeoenue noliu 6 ammocpepe, 00YCLO8ICHHOE NPOYECCAMU CeOUMEHMAYUU U 61N0-
PUUHO20 YHOCA, NPUHYUNUATLHO OMAUYACTC Om Ouh@Dy3uoHno20 pacnpocmpanenus 2a-
306. I[Ipedcmasneno mno2o06pasue 8UA08 NbLIU RO NPOUCXONHCOCHUIO U ONACHOCTU — OM
annepeeHHoll nulibybl 00 e3pviguamvlx geujecms. Coenan 8vl800 0 HEOOXOOUMOCHU KOM-
NIEKCHO20 NOOX00A K USMEPEHUIO NbLIU KAK ¢ MOYKU 3PEHUs. HOPMUPOBAHUSL RO MACce, MAK
U C yuemom ee U3UKO-XUMUYECKUX CEOUCME, a MaKdice 0 Haauuuu npobuem 6 obnacmu
MEMPON02UHECKO20 00eCneyeHus UsmMepeHuil.

Knwuesoie cnosa:. meepdbze uacmuybvl, novlib, IKON02UHECKUTL KOHmMpPOJb, 2a30860ol1l ananus,
mMempoJjioeudeckoe 066CI’16116HM€, 6m0p1/l1lelI/7 YHOC

BBenenne. AKTyanbHOCTb KOHTPOJIS 3arpsi3HEHHST aTMOC(EPHOTO BO3/yXa HE BBI3bI-
BaeT coMHeHuH. OHAKO NpH OLIEHKE Ka4eCTBa BO3/yXa 4acTO HE Jeaercs Cylle-
CTBEHHOI'O Pa3U4hs MEXIY Ta30BbIMU IPUMECSIMU U B3BEIIEHHBIMU YaCTULIAMHU
(TMBLIBIO), XOTS MX IPHPO/Ia, MOBEACHUE B OKPYIKAIOLICH CPe/ie U METO/IbI M3MEPEHUSI
KapIWHAJIBHO pa3nnyatorcs. Llempio maHHON paOoTHI SBIAETCS CHCTEMaTH3aIHs
0COOCHHOCTEH MBUIM KaKk 0OBEKTAa M3MEPEHUs], BBIICIICHUE €€ KIIFOYEBBIX OTIMYUMA
OT ra3oBbIX 3arpsI3HEHUH U aHAJIN3 aKTYAJIbHBIX MPOOJIEM METPOJIOTHYEcKOro odec-
neyeHus. Hay4nas 3HaunMMocTh pabOTBI 3aKIFOYAETCsl B NMPHUBICYCHUM BHUMAHUS
K HEOOXOIMMOCTH CIIELHATN3UPOBAHHBIX ITOJXOJ0B K KOHTPOJIIO MBUIEBOTO 3arpsi3-
HEHUS, YTO HE BCEI/Ia SIBJSIETCS OUEBUIHBIM.

MeToapl 1 MaTepHuaibl; pe3yabTaTbl. OCHOBHOE OTJIMYHUE Ta30BbIX 3arps3He-
HUH OT MBUIEBBIX 3aKJIIOYAETCS B AMHAMUKE 3arpsA3HEHHs. [ a30Bble MPHMECH, TaKHe
KaK OKCHJ[ yIJIepoJia WIIH JJUOKCHJL Cepbl, OBICTPO paccerBarOTCs B aTMOchepe 3a cueT
mdysun 1 Betpa. MI3MeHeHne X KOHLEHTPaLUK Ha TOYKE U3MEPEHUSI MOXKET ObITh
KpaTKOBPEMEHHBIM W OOpaTHMBIM. B oTiimame OT HHX, MBUIb, 00JaIaromas Macco,
noyBeprkeHa cenuMenTarmu (ocenanmio). [Ipy 3ToM oHa He Ucye3aeT, a HaKaIUTBaeT-
Csl Ha MOBEpXHOCTH, (opmupyst BropuuHbie ucTouHuku [1]. TTocnemyroumii mopsis
BETpa NPHUBOJAUT K MOBTOPHOMY HOIbeMY (BTOPHYHOMY YHOCY) YK€ OCEBIICH MbLIH,
YTO CO34aeT YCTOWYMBBIM, 4AaCTO MOBTOPSIIOIIMIiCA (OH 3arps3HEeHus], ciiabo CBs3aH-
HBIii C IEPBUYHBIME BBIOPOCAMH B TAHHBII MOMEHT [2].

MHoroo0pasue IbuIH KpaitHe mHupokKo. [1o MporCcX0XKISHHIO H COCTaBY BBIJC-
JSAIOT CHJIMKATHYIO, YTOJbHYIO, METaNIM4ECKyl0, OPraHMYECKyIO IMbUIb, MBUIBILY
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pactenuii u ap. ONacHOCTH Tak)Ke MHOTOACIICKTHBI: OT Bpeja 370poBbio (ayutepre-
HBI, (QUOpOTEHHOE JeWCTBHE, HANPHUMEp, CHIHKO3) J0 PHCKa B3pPBIBOB (MyKa
Ha MEIBHMIIAX, CaXapHas MbLTh HAa MPOU3BOJCTBAX, YIONbHAS MbUTH B IaxTax) [3].
DTO ompeneNnseTr W pasHble MOMXOIBI K M3MepeHuto. Poccuiickoe 3aKkoHOAATEINhb-
CTBO B OCHOBHOM HOPMHpYET MACCOBYK) KOHIEHTpauuio (Mr/m°). OmHako s
OLICHKH CIIeU(PHIECKUX PUCKOB (B3PHIBOOIIACHOCTD, AJUIEPIEHHOCTD) Ooliee perre-
BAHTHOI MOXET ObITh CUETHAsi KOHICHTpaIUs (KOJIUYECTBO qaCTI/Iu/M?’) I XUMHU-
YeCKHI COCTaB 4acTHLI.

MerTtposnorndeckoe oOecrieueHne M3MEpPEHHMH IbUTH OCTaeTCs CIOXKHON 3a1a-
4eid, uTo 00yCIOBIEHO MHOTOOOpa3ueM cBoiicTB yacTull. CyIIeCTBYIOIINE METO/IbI
YCIIOBHO JICJSATCS Ha KJacCHYeCKue (rpaBUMETPUYECKUE) U COBPEMEHHbIE TPHOOP-
Hble (ONMTHYECKHUE, JIa3epHbIe). «30J0THIM CTAHIAPTOM SIBIISICTCSl TPaBUMETpUYC-
CKHMI1 METOJ, OCHOBaHHBIH Ha 0TOOpE MPOOBI BO3AyXa Ha GUIIBTP C MOCIELYIOIIM
B3BemuBanueM [4]. OH ToueH, HO JaeT pe3ybTaT ¢ 3HAYUTEIbHONW BPEMEHHOH 3a-
JepKKoil. [[mst onepaTuBHOrO KOHTPOJIS IIHPOKO MCHOJIB3YIOTCS aBTOMAaTHYECKUE
MpuOOpPHI, KOTOPEIE B PEATEHOM BPEMEHH H3MEPSIOT paccesHHe CBETa Ha YacTH-
1[axX, MPEeAOCTaBNIAd JAaHHbIE KaKk O MacCcOBOM, TaK M O CUETHOW KOHILIEHTpPAallUU
B pa3nu4HbIX Qpaknuax. KiroueBoil mpobiemoil siisercs: odecreueHnue eAnHCTBa
M3MEpPEHUN MEXTy STUMH METOIaMH.

3akmiouenne. [IpoBeieHHBII aHANN3 MTOKA3all, YTO MBUIb MIPEJCTABISIET COO0H
CaMOCTOSITETIbHBI M CIIOKHBIH OOBEKT IKOJIOTHYECKOTO KOHTPOJS, TpeOYromuit
ydeTa ee Crernu(UIeCKUX CBOMCTB, OTIMYHBIX OT Ta30BBIX 3arpsA3HCHHUA. YUeT
MPOLIECCOB BTOPHUYHOI'O YHOCAa HEOOXOOUM JUIs aJeKBaTHOW OLIEHKM YPOBHS 3a-
TPSI3HEHUS U pa3padoTKH 2G(HEKTHUBHBIX Mep IO €ro CHIKeHUIO. IIIupokuii criekTp
OTIACHOCTEH, CBA3aHHBIX C TMBUIBIO, TUKTYET HEOOXOIWMOCTH Pa3BUTHSI METOJIOB
M3MEPEeHH, BBIXOIAIINX 332 pAMKH MPOCTOTO OINPENEICHNs MAaCCOBOIM KOHIIEHTpa-
ouu. HOJIyT-IeHHBIe S3HaHUA TOAYCPKHBAIOT AKTYyaJIbHOCTH COBCPHICHCTBOBAHUA
HOPMAaTUBHOM 0a3bl W METPOJOTUYECKOro obOecreyeHuss B OOJNAacCTH KOHTPOJI
B3BEIIIEHHBIX YaCTHUI[ JUI PEUIeHHs 3a7ad KaKk OXpaHbl 3JI0POBbs HACEJCHHS, TaK
Y TIPOMBIIIJIEHHON 6€3011acHOCTH.

Cru1coK UCTOYHUKOB

[1] O6 ymsepocoenuu mpebosanuii k npogedenuro HabAOOEHUL 30 COCMOSIHUEM OKPYHCaArUujel
cpeowl, ee 3aepsiznenuem. [pukas Munnpuposr Poccun ot 30.07.2020 Ne 524.
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Annomayusa. B nacmosweii pabome 6binonHen pacuem u aHaius dQhgexmusHocmu npume-
nernust 11 eazoobpasneix PT (ceprucmuiii 2as, ammuax, KCeHOH, YeneKucvlil 2as, peon,
KpUnMoH, nponaw, Oymaw, apeor, MEman, azom) 8 4acmu NPUPAUenUs Xapakmepucmue-
CKOU CKOpOCMU CHYMHUKA, MACCbl HE3aNPAGNIeHHbIX OAIOHO8, UX XUMUUECKOU AKMUGHO-
cmu, 83pwl6o- u nogicapoonacnocmu u cmoumocmu. Coenansl 66160061 NO KPUMEPUIM Bbl-
bopa 2azo06paznozo PT, nooxoosue2o noo KOHKpemmuyio 3a0auy.

Knroueesvie cnoea. 2azoswiii paK@melﬁ ()GMZLZmeﬂb, 2as, npupawerHue xapakmepucmude-
cKoll cxopocmu,pa6owee mejo, 2a3oea: osucamenvHas ycmanoeka

Beenenue. ['a30Bble JIBUTaTeN — KOHCTPYKTHBHO CaMble IPOCTBIE PAKETHHIE
JIBUTATENN CPEeId MPUMEHSEMBIX B Hacrosmiee BpeMs. [IpuHIMI UX neicTBUS —
MPOCTOE Ta30IMHAMUYECKOE YCKOpeHHe rasa B comuie Jlapans 06e3 mpoTexkaHus Xu-
MHYECKHX peakuuii B kamepe. OOmanas Gojee HU3KUM YAEIbHBIM HMILYJIbCOB
B CPAaBHEHHUU C, HAIIPUMEDP, XUMHUECCKHMHU HJIH DJIEKTPUIECKUMH PAKETHBIMU JIBU-
raTeNisiMH, Ta30Bble JBUrATENH MPEACTABISIIOT HHTEpec Oyiarojaps CBOeld OTHOCH-
TEJIbHO HU3KOW CTOUMOCTH U ITPOCTOTE B IKCILTyaTaIUH.

MeToanl 1 MaTepualbl;, pe3yabTathl. B Tabn. 1 npeacrasnensl PT B mopsia-
Ke yObIBaHMsI MPUpPALLEHUs XapaKTepucThuueckon ckopoctu AV. s mpoBeneHus
pacyeToB yCIOBHO NPUHATO, YTO 00beM OayuioHa ¢ razooOpasueiM PT mpu Temme-
parype 20 °C cocrasmuser 0,5 11, «cyxast Macca» CIlyTHUKa cocTasisieT 2 Kr. Pacuet
UAEANBHOTO YAEIBHOTO MMITYJIbCA TATH IPOBOAMICA B CIIEHUAIM3UPOBAHHOM IIPO-
rpammuom komiuiekce (CIIK) Terra pazpabotkn MOCKOBCKOTO roCyAapCTBEHHOTO
yHuBepcuteTta uM. H.O. baymana.

Tabnuya 1
ITapamMeTpbI ra3o00pa3HbIX padovyux TeJl
ArperatHoe
) . | Ilpupaime-
x| | Aawremne | (EREREE | e xapaie | P
I'as yecKasi eJIbHbII rasa eJIbHbII repu- JIOHE:
YA B 0aJlJIOHE, YA CTHYECKOM ’
* %
dopmyna | ummyasc, HMITYJIbC* ¥, 1—ras3,
MIla 2 CKOPOCTH,
m/c Kr/c-m we 2 — K-
KOCTb-Ta3
Cepi S0, 589 0,5* 839325 | 179,48 2
AMMHak NH; 1079 0,5* 681 928 158,28 2
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Oxonyanue maon. 1

I _ | Arperarnoe
Hneans- HNneanbHbI pnpame_ COCTOSTHHE
Xummu- HbIH )ﬁ[aB:e:ne obbemubiii | "¢ xap-:uc PT B 6ai-
I'as yeckasl | yAeJbHBIH B 6;1?]0% YAeJIbHbII cn:telle)rlcoﬁ JIOHE:
¢opmysia | UMIYJbC, Mila " | AMIyJabc**, CKODOCTH 1— ras,
m/c Kr/c-m> P / ' 2 — xua-
mie KOCTh-Ta3
Kcenon Xe 304 19 646 973 129,68 1
Yraexuc- CO, 687 58 533112 121,81 2
JIBIA Ta3
®peoH 0
(R236fa) | CFee 392 0,5 539 784 115,97 2
Kpunron Kr 383 35 530 838 113,95 1
[poman CsHg 775 35 430900 100,87 2
Byran C4Hypo 697 0,5* 403 563 94,22 2
AproH Ar 549 35 303597 71,09 1
Meran CH,4 1137 35 267 195 64,91 1
A3zot N, 775 35 256 525 61,62 1
* JlaBneHue IPUHATO YCIOBHO.
** M neanpHBI 00BEMHBIN YACTBHBIA UMITYJTEC PACCYUTHIBAIICS KaK MPOU3BEACHUE UACATEHO-
T0 YJICTbHOTO UMITYJIbCA Ha IUIOTHOCTH ra3a B OaJlloHe.

CepHHuCTBIH Ta3, aMMHaK, Yriekucislid ra3, ¢peon R-236fa, nponan, Oyran
XpaHATCS B IBYX()a3HOM COCTOSHHM KHIKOCTh-Ta3 [1, 2].

st Goriee MOIHOW OLEHKH paccMaTpUBaeMbIX razoo0pas3ubix PT Obi1 mpoBe-
JICH JIOTIOJTHUTEIBHBIN aHaJu3, TIPEICTABICHHBIN B Ta0II. 2.

Tabruya 2
XapakrepucTuku paccmarpuBaembix PT
IIpeaBapureabHasi
a3 Xumuyeckast B3psiBo- LeHa 32 3anpaBKy
AKTHBHOCTH M N0kap00e30NacHOCTh 1 a, py6.
(na HOsIOpDL 2024 1.)
Cepuu-
N Beicokas HesspeiBoonacexn 500
CTBI a3
XUMUIECKH CMeck aMMHaKka ¢ BO3IyXOM
AMmuax y 60
AKTHBCH B3pBIBOOIIACHA
Kcenon Huzkas HeBocmuiamensemsrii ras 1200
VYruekuc- XUMU4eCKU
. HesspeiBoonacexn 50
JIBIN T3 AKTHBCH
Ppeon Huzkas Hes3spriBoonacen 5600
(R-236fa)
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Oxkonuanue maoi. 2

IpeasapurensHas
a3 Xumunyeckas B3psbiBo- IIeHa 32 3alpaBKy
AKTHBHOCTH U M0Kap006e30MacHOCTh 1 a, py6.
(na HOsIOpBL 2024 1.)
Kpunron Huskas HegspriBoonaceHn 190
HpOHaH Huskas CoKM>KEHHBIE Ta3bl O6pa3yIOT 40
C BO3IyXOM B3pPBIBOOIIACHBIE
Byran Huskas cMecH *
Apron Huzkas Hes3spriBoomnacen 70
Meran Huskas I'oprouwnii ras 30
Aot Huskas Hes3priBoormacen 50
* TouHBIX JTaHHBIX HE HAHIEHO.

3akarouenne. [Iposenen ananu3 onnHHaauatu PT, KoTopble MOXXKHO HCIIONB-
30BaTh s ra3oBbix PJl. HambGonpmmm npupaiieHreM XapaKTepUCTUYECKONW CKO-
poctu cpemu paccMoTpeHHBIX PT o0mamaeT cepHHCTHIN Ta3, OHAKO OH 00JajacT
BBICOKOM XMMUYECKOM aKTUBHOCTHIO U CTOMMOCThI0. HaMeHbIIMM TTpUpallieHUEM
XapaKTePUCTUIECKON CKOPOCTH 00JIalaeT a30T, HO MPU 3TOM OH JICUIEB, AJOCTYIIEH

Y UHEPTEH.

CruUCcoK UCTOYHUKOB
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Annomayusn. Paccmompenvt 60npocsl 10020mosKku Kaopog 8 biCUlell WKOLE U AKIMYai-
3ayus Maxkou no020MmoeKU 8 coepemenHblx ycnosusax. Iloouepkusaemces, umo Heobxoouma
no020Mo6Ka NO 6cem HANPAGLEHUSIM U CReYUAbHOCMAM blCULec0 00pa308anus, 8 OCHOG-
HOM 8 pamkax oucyuniunsl <bezonacnocme dcuznedesmenbHOCMU», A MAK’Ce CREeYUATU-
BUPOBAHHASL NOO20MOBKA KAOPOs8 6 pamkax HanpasieHus <Texnocpepnas bezonacHocmop.
Ilpeocmasnena cmpyxmypa maxot n0020mosKu u npoodieMbl ee pearu3ayul npu nepexooe
HA HOBYIO CUCMEMY BbICUUE20 00PA308aAHUSL.

Kniouegvle cnosa. svicuiee obpasosanue, 6e30nacHOCmb, CHPYKMypa noo20mosKu, bes-
ONACHOCb HCUZHEOESTMENbHOCMU, MEXHOCHepHAs 6e30naACHOCMb

Brenenue. CoBpeMeHHOE OOIIECTBO HAXOIUTCS B MIEPEXOIHOM MEPHOEC — ObICT-
PO U3MEHSIOTCS] TEXHOJIOTHH, BO3PACTAET UX SHEPreTHUECKasi eMKOCTb, BHEAPSACTCS
UCKYCCTBEHHBIN MHTEIJICKT, YBEJIMYMBACTCS KOJMYCSCTBO YPE3BBIYAHBIX CHTYAITUI
NPUPOAHOTO W TEXHOTCHHOI'O XapakTepa, HapacTaloT MPOTUBOPEYMS M BOCHHBIE
KOH(JIUKTHI, HO HEM3MEHHOH ocTaeTcs 0a3oBas MOTPEOHOCTH YEOBEKa — IIO-
TpeOHOCTh B 0€30MACHOCTH. B CBS3M C 3THM aKTyalM3HPYeTCs HEOOXOIUMOCTh
MOATrOTOBKM 4YeJIOBEKa B OOecleueHHH OOLIECTBEHHOH M JMYHOM 0e30macHOCTH
B TIPOU3BOJICTBEHHBIX,, IPHUPOJIHBIX, TOPOJCKHX YCIOBHSX.

Metoapl U MaTepualbl, pe3yabTaTsl. B HacTosiee BpeMsi Takylo IOATO-
TOBKY B BbICLIECH LIKOJIE BEAYT B paMKaX JUCLUILIMHBI (pelepalbHOI0 KOMIIOHEHTA
o0pa3oBaTebHBIX MporpaMM «be30macHOCTb KU3HE NS TEIbHOCTHY, a MIOAT0TOBKA
KaJpoB, 00ECIEUHBAIOIINX OOLICCTBCHHYIO O€30MacHOCTh, B paMKaX pPa3IMYHBIX
npoduneir Hampasienust «TexHocheprnas OezonacHocTs». [Ipn pedopmupoBanumn
CHCTEMBI BBICIIEr0 OOpa30oBaHUSl Ba)KHO HE TOJIBKO HE MOTEPATH TOCTUTHYTOE
B 3TOH 00JIACTH, & YCOBEPIUIEHCTBOBATH IIOJArOTOBKY, YCTPAHHB CYILIECTBYIOIHUE
HEJIOCTaTKH U npoTuBopedns [1-3].

PedopmupoBanue cucteMbl BhICHIETO 00pa3oBaHMs MpeaycMaTpuBaeT obecrie-
YEeHUE €JMHCTBA 00Pa30BaTENILHOTO MPOCTPAaHCTBA MPH HEOOXOJUMOIl ero Bapua-
TUBHOCTH, YTO JIOJKHO OBITH MPEIYCMOTPEHO B HOBBIX 00pa30BaTeIbHBIX CTaHAAp-
Tax 4eTBEPTOro MOKOJIEH!Us. Mbl HEOJJHOKPATHO TOBOPUIIM, YTO HBIHE IEHCTBYIOIINE
CTaH/AapThl He CIIOCOOCTBOBAaJM €AWHCTBY 0Opa3oBaTEIbHOTO IPOCTPAHCTBA,
a Hao0OpoT crocoOcTBOBaNM ero paspymeHuto [1-3]. ABTOHOMHOCTH BY30B, 0e3-
YCIIOBHO, JIOJDKHA CYIIECTBOBATh, HO NPH HAJHMYHU €JJMHOTO 00pa30BaTENLHOTO SJI-
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pa, obecreunBaonero ACHTU(GUKAIUIO HAMPABICHHUS U CICIHATLHOCTH U OOlIIe-
CTBEHHOE COTJlacue B 00JaCTH TOCYIapCTBEHHOW 00pa30BaTeIbHOM MOJIUTHKH.

B HOBBIX moax0aX MpeaycMaTpUBacTCs, Kak U Mpex e, 003aTenbHOCTh JHC-
OUITIIMHBI «be3omacHOCTh KHNU3HCACATCIBHOCTH. HoBBIM MOT10XKUTETBHBIM MOMEH-
TOM MOXKET SIBIISIThCA pelIeHHe 0 pa3paboTke enTuHON 00pa3oBaTeIbHOM Mporpam-
MBI JUCHHUIUIMHBI, YTO YCTPAHUT pa3IMYHOC TMOHUMAHUE €€ COJCpPIKAHUS.
ABTOpaMu Takas Tporpamma M ee METOAWYEecKoe oOecreueHne ObUIM YK€ AaBHO
paspaboransl [4]. [Ipeanaraem Ha ee OCHOBE pa3paboTaTh HOBYIO THUIIOBYIO MPO-
rpaMmMy C €IUHBIM O6paSOBaTeJ’IBHBIM AApPOM U IHHpOKOﬁ BapUaTUBHOCTBHIO B 3aBU-
CHUMOCTH OT 00pa3oBaTenbHON 00J7acTH, CIEUaIbHOCTH, PETHOHAJIBHBIX OCOOEH-
HOCTEH U YUHUTHIBAIOIICH COBPEMEHHBIC PEAUH.

3akarouenne. [Ipn MaccoBoM mepexoje OT JBYXYpPOBHEBOM MOJTOTOBKH IO
CUCTEME «OaKaJlaBP-MarucTp» K CICHUAITUTETY U CIICIUAIM3UPOBAHHON TOATOTOB-
KE IpejiaracM BOCCTAHOBUTH PAaHEE JINKBUAUPOBAHHYIO CTPYKTYPY CHEIHAAINTETA
B o0Onactu TexHoc(epHOW Oe30MacHOCTH, HO HECKOJBKO MOJCPHU3HPOBAB e€.
IMpeanaraem co3aath CHENMATBHOCTH € 5 JIETHUM CPOKOM TOATOTOBKH, OXBaThIBA-
IONUM TaKWe HampaBiICHUs OE30MAaCHOCTH KaK. 3KOJOrHMYeckas Oe30IacHOCTb,
MPOMBINIUICHHAs! 0E€30IIaCHOCTh W YpE3BhIYaliHbIC CUTYyalluu, 0€30MacCHOCTh TPY.a,
nmo>kapHasi 0e301acHOCTh, KOTOpEIE OyAyT MMETh €IMHOE 00pa3oBaTEIbHOE SIPO
U CIIeNMaIM3UPOBAHHYIO YacTh. Takas CTPYyKTypa pa3pa0oTaHa M HampaBlieHa Kak
npeUIoKeHne B MUHUCTEPCTBO [5]. B mokimame moapobHO paccMarpuBaeTcst mpe-
naraeMasi CTPYKTypa M COJIep)KaHue JUCIHIUIHHBI «be30macHOCTh KHU3HE eI Teb-
HOCTH» M CUCTEMBI IIOATOTOBKH KaJpOB B 00JIaCTH TeXHOC(HEpHOH 6€30MacHOCTH.

CnMUcoK UCTOYHUKOB
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ctu» (mpoekt) (s Bcex HampaBlIeHHI BhICIIEro MpohecCHoHanbHOro obpasoBaHus — Gaka-
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[5] HeBucunos B.A. CranmapThl BbICIIEr0 IPOdecCHOHATBHOTO 00pa30BaHUs KOMIIETEHTHOCTHOTO
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Annomayun. Paccmompena ponv edepanvHo2o yueOHO-Memoouueckozo 00beOUHeHUs.
(@YMO) no yxpynuennoii epynne «Texnocghepnas 6ezonacnocmv u npupoooodycmpoli-
CmMeo» 6 YOpMUPOBAHUY YKPYRHEHHOU 2pYnnbl, paspabomie 20Cy0apcmeeHublx obpazosa-
MENbHBIX CIMAHOAPMO8 U Y4eOHO-Memoouieckom obecnederul 00paz08amebHo20 npoyec-
ca. Onpedenena pons DYMO 6 pedpopmupyemoti cucmeme gvicuieco 00pa306anus 8 ceeme
VMBEPHCOEHUsL HOBO20 MUNOBO20 NONOHCEHUS 00 Y4eOHO-MemMOoOULeCKUX 00beOUHeHUSX.

Knrwuessie cnoea. svicuiee obpasosanue, mexvocgepnas 6e30nacHocms, nNpupoooody-
Ccmpoucmeo, yuedHo-memooudeckue 00beOUHeHUs.

Beenenue. YueOHO-MeTOANYECKUE OOBEAMHEHMS HUIPalM 3HAYUTENBHYIO POJb
B ()OPMUPOBAHHU CHCTEMBI BHICIIETO 00pa30BaHUS U €r0 METOJIUYECKOro obecrie-
gyeHusi. OcobenHo Oonplnas pabora yueOHO-METOANIECKUMHU 00BETMHEHUSIMH ObI-
Jla TIpOBEJIcHa B TIEPUOJ] MEPECTPOrKH, peopMHUPOBaHHs 00pa3oBaHHs, Tepexo/a
Ha JBYXYPOBHEBYIO CUCTEMY 0Opa30BaHUs B MOMBITKE BCTPOUTHCS B €BPOIEHCKUI
Bononckuit mpouecc. K coxanenuto, He Bce NPEATIOKEHUS HAIETO 00bEIMHEHUS
ObLTH yCIbImanbl. Tak Mbl ObUTH HE COTJIACHBI C YXOJIOM OT CIECIUAUTETa B HHXKE-
HEpHOM 00pa30BaHWH, OOBEIUHEHUH C TaKHUM TPYAOM CO3IAaHHBIX HAMHU CIIELH-
aIbHOCTEH B HampapiieHHsS U T. A. OznHako Hame oObeANHEHHE BBIHYKAECHO OBLIO
paboTaTh B CYIIECTBYIOIICH TOTJa OOpa30BaTE/ILHOM MapajurmMe W KOHIICTIUU
KapIMHAJIBHOTO PeOPMHUPOBAHUS COBETCKOH 00pa3oBaTeNbHONW CHUCTEMBI, KOTO-
past, Ha B3TJISIJ aBTOpa, OblIa OMMOOYHOM, TI0 KpaiHel Mepe, B CHCTEME BBICIIICTO
WH)XEHEPHOT0 00pa3oBaHUsl.

MeToabl 1 MaTepUabl, Ppe3yJabTaThl. Y4eOHO-METOJUUECKIUM 00beANHEHNU-
eM OblIH pa3paboTaHbl TOCYJapCTBEHHBIE 00pa3oBaTeNIbHbIE CTAHAAPTHI, TIPUMEp-
HBIE NIPOrpaMMbl AMCLUIUINH, Y1eOHO-MeToauuecKoe obecreyenrne oopa3oBaTelib-
HOTO TIpoIiecca. DTo OblIa KaKIOJAHEBHAS M KoJloccallbHas paboTa, KoTopas Oblia
YCIIEIIHO BBITIOJHEHA 4YJeHaMH OObeAMHEHHS, KaK MpaBHio, HAa 0e3BO3ME3IHOI
OCHOBE BO Oyaro pas3BuTHs 0Opa30BaHMs B Hameil oOiactu. 3aMedaTesbHO, YTo,
HaKOHell, K HallleMy MHEHHIO MPHUCIYIIAIHCh, U BHOBb MPEACTOUT pedOopMHUPOBa-
HUe 00pa30BaHMs C YUETOM JOCTH)KEHUH COBETCKOW BBICIICH MHKXCHEPHOM MIKOJBI.
[Ipunaro HOBoe TwmoBoe monokeHne 00 yd4eOHO-METOAMYECKUX OOBETUHEHHIX
(ITpuka3z Munoo6puayku Poccun Ne 622 ot 8 aBrycra 2025r), koTopoe BCTymaer
B crity ¢ 01.01.2026 r. B cOOTBETCTBUY C ATHM IOJIOKEHUEM TIPEICTOUT Tepedop-
mupoBanue ®YMO no nHoBsiit [Iepeuens BO. [loaToMy KpaiiHe BaKHO COXpaHUTh
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Hallly YKPYIIHEHHYIO Ipyminy. OObeKTHBHO OHA JIOJDKHA OBITH OTACIBHOH, TaK Kak
3a7iauM, KOTOpPhIe PEIAIOTCS €€ BBITYCKHUKAMH, UMCIOT CIIEUU(PUKY, TPYJHO COB-
MECTUMYIO C OCTaJIbHBIMM HAIPaBIEHUSAMH U CHENUATBHOCTAMHU. B cooTBeTcTBUMI
¢ HOBBIM mojoxenreM He MeHee 50 % uuciiernoctd B coctaBe PYMO [10IKHBI
ObITH paboToAaTENH, IPEACTABUTENN PYKOBOISAIIMX OPTaHOB M BEJOMCTB, He OoJjee
25 % mpencraButeneii pernoHoB u He Oonee 25 % mpencraButeneii MOCKBBI
u Cankr- [lerepOypra. [Ipu atom unciennocts ®YMO onpenensercss MUHHCTED-
CTBOM WU 3aBUCHUT OT KOJHMYECTBA CIELUAIBHOCTEH B YKPYHHEHHOM rpymme. OTH
MOJIOKeHUs criopHbIe, 100 @YMO pazpabaTsiBaeT yueOHO-METOANYIECKOE obectie-
YeHUe, KOTOpOe, KOHEYHO, IOJDKHO BBIMOJIHATBHCA IMPEICTAaBUTEISIMU 00pa3oBa-
TeJIbHBIX opranu3zauuii, Uto kacaercs paboronarene, TO OHU J0JDKHBI, 0€3yCcioB-
HO, OBITH B cocTaBe @YMO, HO, Mpekie BCETo, MODKHBI 3aHUMATHCS CO3/IaHUEM
npoQecCHOHANBHBIX CTAaHAAPTOB, TPYAOBBIE (YHKIHUU KOTOPHIX JOJDKHBI oOecrie-
YUBATHCS 00Pa30BaTENbHBIME CTaHIAApTAMH M 00Pa30BaTEIbHBIMHI MPOTPAMMAaMHU.
[Ipencrasnsercs Takxke, 9T0 YUCICHHOCTs DYMO nomxHa OmpenesIThCs KOIrnde-
CTBOM BY30B, peaJIU3yIOINX 00pa3oBaTeiIbHble IPOrpaMMsl, Kypupyemele @YMO.
Taxxe orpaHUYMBaTh YUCICHHOCTH cocTaBa ®YMO Bpsij Jiu 1enecoo0pa3Ho, Tak
KakK, €CJIM By3bl TOTOBBI CBOMMH IIPECTaBUTEISIMH aKTHBHO Y4acTBOBATh B padoTe
o0wveanHeHus, TO 3T0 Xopoto. [Ipu popmMupoBanny HEIHE NEHCTBYIOMIETO COCTaBa
Harrero ®YMO BKJIOYATIKCh TOJIBKO MPEJICTABUTEIN BY30B 110 MPOCKOE PYKOBOJI-
CTBa By3a C COIJIacHsi Ha MX KOMaHIUPOBAaHWE Ha 3aceiaHusi oObequHeHHs. Bcs
urdopmaist DYMO ornepaTHBHO pa3mernaetcs Ha caiire [1], pemeHus, oT4eThl
U TUIaHBI B yCTAHOBJIEHHBIE CPOKU HANPABIISIFOTCSI B MUHUCTEPCTBO U Pa3MELAIOTCs
HNEePHOIUYECKUX HAYYHBIX M y4eOHO-METOIMUCCKUX XKypHaiax [2, 3].

3akawuenne. Horomy coctary ®YMO mnpeacrout Oosibiiiast padboTa 1o pas-
paboTKe HOBOIO MEPEYHs, roCyIapCTBEHHBIX 00pa30BaTEIbHBIX CTaHAAPTOB 4-T0
MTOKOJICHHSI, YIEeOHO-METOUIECKOTO OOecredeHusI 00pa30BaTEIHLHOTO IPOIIecca.
[Ipeacrout Taxke orpoMHas pabora, kotopas BoznoxkeHa Ha ®YMO HoBbM Tu-
MIOBBIM TIOJIOKEHHEM. XO0TeJI0Ch OBl BBIPA3UTh HAIEKAY, YTO BCS 3Ta paboTa Oyner
(MHAHCOBO CTUMYJIMPOBATHCS. TaKkKe )KeNnaTeIbHO ONPeaeanTh 0a30Bblid By3 (1in
BY3bI), TIOJICPKUBAIOIIHI 1EITEIBHOCTh O0bEANHEHHUSI.

CnMUcoK UCTOYHUKOB
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Annomauusn. 3azpsasHenue oKpyscaroueli cpedsl U Kiumamuieckue usmeHeHus 2100a1bHo-
20 KIUMAmMa aKxmyaiusupyrom Habo0eHus 3a OUHAMUKOL MeXHO2eHHbIX 8blOpocos. Llenvio
pabomul 5618€MCsL OYEHKA BO3MOICHOCTNU NPUMEHEHUSI 1A3ePHbIX MEXHON02utl 015 Ou-
CMAHYUOHHO20 ONpedeneHUsl OCHOBHbIX napHuxoevix 2azoe (I1I), komopas 6 pasnom anna-
PAMHOM 0opMIeHUU CnocoOHa pewiums 0be 3a0auu — KOHMPOJib blOPOCO8 HA NPeOnpu-
AMUAX U MOHUMOPUHZ 6 NPUPOOHOL cpede, 8 HACMHOCMU HA KAPOOHOBLIX NOJIUSOHAX,
8 MOM YUCTE UX MOOUTLHBIMU ANNAPAMYPHOM OPOPMAEHUU.

Knrwuesote cnoea: paMaHOGCKuﬁ Jasep, napHuKoevle 2a3wvl, ()ucmaHL;MOHHblIZ MOHUMOpUHS

Brenenmne. /[y monuropunra Bcex [T cyliecTByIONIMMU METOAaMU HEOOXOUMO
NPUMEHEHNE HECKOJIBKUX MpuOOpoB. OHU MOCTPOEHBI Ha PAa3HBIX (UIMUECKUX
MIPUHIAIAX U TPEOYIOT PAa3ITNYHBIX YCIOBHHA Pa3MENIeHNS U PETJIAMEHTOB 00CITyKH-
BaHMs. Bee 3T0 oueHp ycnoxkHseT anmapaTypHoe odopMiieHHEe KapOOHOBOTO MOJH-
TOHA, CHIDKAET ONEPAaTUBHOCTh U3MEPEHUN U MOBBIILIAET CTOUMOCTh, KaK BCEr0 KOM-
TUIeKTa TPUOOPOB, X MOHTaXa, TaK W MX JKCIUTyaTauuu. JlazepHble TEXHOJIOTHUH
JIMILIEHBl 3THX HEJOCTATKOB W MO3BOJSIOT OOECIEUYHUTh ONEPaTUBHOCTH, XOPOLIEe
MIPOCTPAHCTBEHHO-BPEMEHHOE Pa3penieHne W MOTEHINANBHYI0 BO3MOXKHOCTB OIIpe-
JIeJTICHHS BCEX KOMIIOHEHTOB OIHMM IipudopoM [1, 2].

MeTtoabl U MaTepHajbl; pe3yabTaThl. beuto ycranosiaeno [3-5], uro mis
JUCTAaHLIMOHHOTO M3MEPEHHs KOHIEHTPAIIMH MOJEKYJ Ha YPOBHE JIECATKOB U CO-
ten [TJK nemecooOpazHo mcrmonb3oBaHKHEe JUAapa KOMOMHALMOHHOTO pacCesHUS
ceeta (KPC — pamaHOBCKOTO Jrmapa). Jjist OEeHKH BO3MOXKHOCTH 3TOTO aBTOpa-
MU BBITIOJHEHO KOMIIBIOTEPHOE MOENupoBaHue JuaapHoro ypasHenus aiasi KPC
MOJIEKYJIaMU U OTIPEAENICHbl ONTHUMAJIbHBIE MapaMEeTPbl TAKOIO BapHaHTa JIWJApA.
bruto mpennoxeno nmunapHoe ypasHenue st KPC ra3oBbiMu MomekyiamMu B at-
Mocgepe ¢ y4eToM KOHEYHOH IIMPHHBI JIa3epHOH TMHUK. Bplia oleHeHa BO3MOXK-
HOCTh M3MepeHuit muaapoM KPC koHIEHTpammii MCCIIeTyeMBIX MOJICKYJ B aTMO-
chepe Ha paccTosHusx 30HAMpoBaHus 10 100 M. YueT KOHEUHOW MIMPUHBI JTUHUH
TeHepaluy Jla3epa, COOTHOIICHHUS MONYIIMPHH MOJIOC KOMOMHAITMOHHOTO pacces-
HUSl CBETA W amlmapaTHON (PYHKIMHU JUAapa MO3BOJAT MOMOJHUTENBHO MOBBICHUTH
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TOYHOCTH PEIIeHHS JIMAAPHOTO YPAaBHEHUS I U3MEPEHUs KOHIEHTPAIH HUCCIIe-
JIyEMBIX MOJEKYJ. BBUTH pacCMOTpPEHBI Ta30BBIC MOJIEKYJBI, JAIONIUE OCHOBHOM
BKJIaJl B KapOOHOBBIM IIUKJ, C YYETOM UX cojliep:kaHHus B aTMocepe. Monekyna
a3oTa HCIOJB30BaHA KaK perep OTHOCHUTEIBHO HHTCHCHBHOCTH Moyiockl KPC,
M0 KOTOPOU U MPOU3BOJUTCS HOPMUPOBAHHUE BCEX U3MEPEHUH AJs yuyeTa U3MEeHe-
HUS TIPOITYCKaHUS aTMOC(ephl Ha Tpacce 30HINPOBAHHUS.

3akmiouenue. Ha ocHOBe TIPOBEICHHBIX HMCCISAOBAHUNA MOXHO CIEIaTh Clie-
Iytolue BeIBOABL: g MoHuTOpuHTra 1" u3 mepeuns BemiecTB no PacnopsbkeHutio
[IpaBurenscrea PO Ne 2979-p, cieayeT B3ATh rasbl, MMEIOIINE IPUPOTHOE MPOUC-
XOXJICHUE M HAUOOJBIIUI BKJIAJ] B MTAPHUKOBBINA 3(PQEKT COTIACHO YCIOBHBIM yT-
JIEPOJHBIM €MHHUIIAM; €CTh BO3MOXKHOCTH IMOJ0Opa ONTHUMAIBHBIX HapaMeTpOB
nasepa u jguaapa KPC nmns omHOBpEeMEHHOrO 30HAMPOBaHHS B aTMOc(epe Bcex
PacCMOTPEHHBIX MOJIEKY)T KapOoHOBOro nukia; Bce [II' MOXKHO ompenensiTh Ha
paccrosiauu g0 100 M; mcnosnb3oBanue jumapa KPC mo3poiur moayduTsh Ooliee
00BEKTUBHBIC JaHHBIC 0 KOHIEHTpauuu [1I" ¢ 0YeHb HU3KOW MPUPOIHON KOHIICH-
Tpanuel; I3MEHEHHEM BPEMEHU W3MEPEHVsI, YaCTOThI U SHEPTUH UMITYIIHCOB MOX-
HO JOCTUTHYTHh CHUKCHHS BEIIMYMHBI MUHUMAIHHO BO3MOXXHOU PErHCTPUPYEMOU
KOHLICHTPAIMH UCCIEIYEMbIX MOJIEKYJ U YBEIUUCHUE PACCTOSHUS 30HIUPOBAHHUS.

CnMUcoK UCTOYHUKOB

[1] Hpsuenko B.B., Hdpsuenko JL.I., Jesucunos B.A. Hayku o zemne. Mocksa, HUL] NTH®PA,
2019, 345c.

[2] Devisilov V.A., Diachencko V.V., Shemanin V.G. Raman lidar for equipping carbon polygons.
6th International Youth Conference on Radio Electronics, Electrical and Power Engineering
(REEPE). |EEE, 2024. https://doi.org/10.1109/reepe60449.2024.10479900

[3] Dyachenko V.V., Devisilov V.A., Shemanin V.G. Remote measurement of climatically active
gas concentrations in the atmosphere by a Raman lidar. Atmosphere, lonosphere, Safe-
ty. Proceedings of VIII International Conference. Kaliningrad, Algomat, 2023, pp. 210-214.

[4] Hpsuenko B.B., desucuios B.A., lllemanun B.I'. JIugapHas TeXHOJIOTHS U3MEPEHHS KIIHMATH-
YECKH aKTHBHBIX I'a30B Ul KapOOHOBBIX MOJMIOHOB. JKojI02Usl U npomviuiieHHocms Poccuu,
2023, 1. 27, Ne 6, c. 30-35.

[5] Hpsuenko B.B., lesucumnos B.A., IIpusanos B.E., Cmopona M.A., lllemanun B.I'. Jlugap xom-
OMHAILMOHHOTO PAacCEeMBaHHs CBETa B PEXKHME cueTa (DOTOHOB ISl 30HAWPOBAHMS MOJEKYJ

KIMMaTHYeCKNA aKTUBHBIX Ta30B. Jlazepro-ungopmayuonnvie mexnonoeuu-2024. XXX Meorc-
OyHap. Hayu. koug.. c6. mp. HoBopoccwuiick, BI'TY um. B.I'. lllyxosa, 2024, c. 63—66.
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JeBucunos Bnagumup Apkaapesuu’”

MITY um. H.3. baymaHa, Mocksa, Poccus

Annomayusn. B 0annou cmamve paccmMompenvl 60NPOChbl pe2eHepayul uibmpoaibHO20
mamepuana. [l nogvluenusi 3¢hhexmusHOCmuU OUUCTIKY CIMOYHBIX 600 U YEEIUYEeHUs pe-
cypca gurompyrowux siemenmos ovliu pazpabomanvl paziuihble 6apuanmol 2uOpOOUHa-
Mmuneckux unompos. OHu KOMOUHUPYIOM HECKOIbKO MEmMo008 0MOeieHUsi meepooll (hasvl.
YEHMPOOENCHYIO Cenapayuio, CMbl8 0CA0Kd U KIACCUHeCKoe (uibmposanue uepe3 npoHu-
yaemyio nepezopooxy.

Knrouesvie crosa:. gunvmposanue, uibmpol, pecypc, MAUUHHOe MOOEIUPOBAHUe, nepe-
nao oaenieHus

Brenenue. OuibTpanys sBISETCS KIOYEBBIM 3TAllOM B TEXHOJOTHYECKHUX CXEMax
OYHMCTKHU CTOYHBIX BOJ|, HAMPAMYIO BIIMsAS HA UX 3(P(HEKTUBHOCTh M SKOJIOTHUECKYIO
6e30macHOCTh cOpoca MM MOBTOPHOTO MCIoIb30Banus [1]. OcHOBHO# mpobiiemMoit
JKCIUTyaTauy (GUIBTPOB SBJISCTCS 3arpsA3HeHNe QUIBTPYIONIETO MaTepuaia, Ipu-
BOJSIIIEE K POCTY TUAPABINYECKOIO CONPOTUBIICHUS, 3HAUUTEILHOMY YBEINUEHUIO
9HEPro3arpar Ha MepeKavyKky M PHCKY MOBPEKICHUS (HUIBTPOBAIBHONW MEPEropo-
ku (®IT) [2]. TpaaurroHHBIE METOBI PETCHEPAIHH, TPEOYIONHE OCTAHOBKH 000-
PYIOBaHHSA, CHIDKAIOT OOIIYIO TPON3BOAUTENBHOCTh OUYHUCTHBIX COOPYKEHHH.

[lepcneKTHBHBIM HampaBJICeHHUEM Uil WHTEHCH(UKALUK Tpolecca SBISFOTCS
camoouumaronmecs ruapoauHamudeckue Guistpel (I'JID), mpumensieMbie st
OYHUCTKU BBICOKO3arps3HEHHBIX CTOYHBIX BOJA. OHM KOMOMHUPYIOT IIEHTPOOEKHYIO
cenapalyio TSKEJbIX YacTHIl C OpPraHM3alMed IOINEepPedyHOro IMOTOKa BJOJIb IO-
BepxHocTr DI, aro 3(hPpeKTHBHO yMEHBIIACT OCAKICHUE ITPUMECEH U OTIOKCHUE
sarpssaeHnii [3]. BaxkubiM npeumymiectBom ['JI® nepen GUIbTPYOIUMHU 1ICH-
tpudyramu [4] sBisETCSA MOAa4a MOTOKA C BHEHIHEH CTOPOHBI, YTO YCHIIUBAET
HEeHTPOOEKHBIN 3PPEKT U yIydIaeT NpeIBapUTEIbHYIO Ceapaluo.

MeToabsl U MaTepuajbl, pe3yabTaThl. Ha pucyHke mpuBeieHa cxema KOH-
CTPYKIWHU THIPOIMHAMAYECKOTO (IIIBTPA, KOTOPBIA COCTOUT M3 YETHIPEX OCHOB-
HBIX YacTei.

Pe3ynbraThl YNCAEHHOrO MOJEIUPOBAHUS U SKCIEPUMEHTAIBHBIX UCCIEA0BA-
HUH TOATBEPIMIN BBICOKYIO 3(()EeKTHBHOCTh THAPOINHAMHYECKOTO (MIBTpa IS
3HaYUTEIHHOTO YBEINYEHNS MEXXPET€HEPALMOHHOT 0 pecypca.

KirrodeBoi mpuHIMI paboOTHI 3aKIOYacTCsS B MPEABAPUTEIBLHON cemapauu
TBEPIBIX YaCTHI], 00JaNalomuX OOJbIICH MIOTHOCTBIO, YEM KHIKOCTh, 32 CUET
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neHTpoOexHbIx cuil. llocnenyromiee yaaneHne CKOHIIEHTPUPOBAHHBIX 3arpsizHe-
HUU Yepe3 NepenyCcKHOW KaHall MO3BOJIIET CHHU3UTHh CKOPOCTH (HOPMHUPOBAHUS
ocajika Ha (GUIBTPOBAIBHOMN MEPErOpOKE U, KaK CIEJACTBUS, MHTEHCUBHOCTh POCTA
repernajia JaBjieHus Ha Hel.

T&aq 7
l\: —p

\
\
\

ool I

A,fILLu!

Cxema rupoiMHamMnyeckoro BUbpaLyoHHoro gpunbTpa

PazpaboranHas pacueTHas MOJEJb U peaqu3yolias ee YNCICHHAs cXeMa pac-
4yera ObUIM BEpU(QHIMPOBAHBI B XOJI€ HATYPHBIX WCIBITAHUHA. Y CTaHOBIECHO YO-
BIIETBOPUTEIBHOE COOTBETCTBHE PACUETHBIX JAHHBIX 3KCIIEPUMEHTAIbHBIM 3Haue-
HUSIM.

Mogens neMOHCTpUPYET, 4TO 3()(HEKTUBHOCTh NPEABAPUTEILHON cenapanuu
KPUTHUYECKHU 3aBUCUT OT psifa GakTOpOB:

— CBOICTBa OYHMILAEMON CPEBI: BAZKOCTD KHUIKOCTH;

— XapaKTepUCTHKH 3aTrpsI3HEHUS . pa3Mep U INIOTHOCTh YaCTHIL;

— pP&KUMHBIE NapaMeTpsl (UIBTPa. CKOPOCTh BpalleHUs (HIBTPO3IEMEHTa
1 00BbEM MEPEeIryCKaeMoro MoToKa.

3akuouenne. IloaydeHHbIE 3aBUCUMOCTH SIBISIIOTCSI OCHOBOW JUISl MHXKEHEP-
HOT'O TIPOEKTHPOBAHUS U MO3BOJIIOT ONTHUMHU3UPOBATH paboyre mapaMeTphl Qriib-
Tpa MoJi KOHKPETHYIO 3arps3HEHHYIO Cpelly, @ TaKKe TOUYHO MPOTHO3UPOBATH MPO-
JOJDKUTEIIbHOCTD (DMIIBTPOLUKIIA U IEPUOANIHOCTD OOCITYKUBAHUS.

CnuUcoK UCTOYHUKOB

[1] Wnbromenko A.®., Yepnsik W.H., XKer3apuus JI.1. Perenepariysi NOPOMIKOBBIX (HHIBTPYHOLINX
JJIEMEHTOB B Ipouecce (QUIbTpAlMU BOJHOW CyclieH3uH rujaporymara topda. bernaepo-2018.
Cogpemennvie npobemMbl 0C60€HUs HOBOU MEXHUKU, MEXHOIO02UM, OP2AHU3AYUU MEXHUYECKO20
cepsuca 6 AIIK. Meowcoynap. nayu.-npaxm. kongh.. mamepuanst. Munck, BTATY, 2018, c. 168—
172.
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Kamaneraunos P.C., JlazapeB A.b. O030p CyLIeCTBYIOLIMX METOJOB OOPHOBI C MEXITPUMECSIMHU.
Hnowcenepnas npaxmuxa, 2010, Ne 2, 6 c.

HesucunoB B.A., MsarkoB M.A. Teopernueckue moaxoJbl K pacueTy THUAPOJWHAMHYECKOTO
BUOpannonHoro ¢uinsTpa. Mzeéecmuss Camapckoeo nayunozo yewmpa Poccutickoil akademuu
nayk, 2012, 1. 14, Ne 1 (3), c. 860-876.

®ertucona E.I'., l'onoBanunkoB A.b., Musosa [I.A. [lepcriekTHBHBIC KOHCTPYKIMU (PHIBTPYIO-
MUX HEeHTPUGYT Ui MCeBIOINIACTHYCCKUX XKUAKOCTeH. M36ecmus Boneocpadckoeo zocyoap-
cmeenHo2o mexnuyeckoeo ynusepcumema, 2010, 1. 3, Ne 1, c. 86-88.
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! Hoeopoccutickuli nonumexHudeckuli uHcmumym (¢punuasn) Ky6aHcko2o 20Cy0apcmeeHH020
mexHoJ/i02u4ecko20 yHusepcumema, Hogopoccutick, Poccus

ZMITY um. H.3. baymaHa, Mocksa, Poccus

Annomayusn. Ilpedcmasnen ananusz pe3yibmamosd MOHUMOPUH2A AIPO30AbHO20 3a2ps3He-
Hust ammocgepol 2. Hosopoccuticka memodamu nazepnozo 30Houposanus. Hccredosanue
NOKA3ANI0, YMO AHOMANLHO 6bICOKUE KOHYCHMPAYUU G36EUEHHBIX YACmuy 8 ammocepe
HA pACCMOMPEHHOM YHACMKe AGIAIOMCS Pe3yIbMAamomM IKCNIYAMAyuu u copeHus mycop-
HO20 NOJUSOHA.

Knrouesole cnosa. damtmku, aspo30u, noaUcOHbL, J1a3epsbl

Beenenune. HoBopoccuiick — OOMH M3 CaMbIX 3KOJIOTHYECKH HEOJIArornoiryyHbIX
roponoB Poccuu ¢ TOYKH 3peHUS a’dpPO30JBHOTO 3arpsi3HEHUS. JTO OOBSICHSICTCS
OOJBIIIOI TPAHCIIOPTHOM HArpy3KOH M HAIMYUEM MPEANpUsTHil (LIEMEHTHBIC 3aBO-
JIbI, MOPCKO# TOPT, 36PHOBOI U Ma3yTHBIH TEPMHHAJbI U T. A.). Jjist TOro, 4To0bI
OILIEHUTDH COCTOSIHUE aTMOC(Epsl TOpo/ia, BEISIBUTH HanOoee 3arps3HEHHbIC Y4acT-
KM CO3JIaH IPOEKT «3a yucThiii HoBopoccuiick».

MeTtoabl U MaTepHadbl; pe3yabTaThbl. [IpOSKT HaIlelIeH Ha yCTAaHOBKY Jia-
3€pHBIX JaTYMKOB KauecTBa BO3yXad, KOTOPbIE BEAyT MOHUTOPHHT YacTul PM2,5,
PM10 B armocheprom Bozayxe [1-3]. X meiicTBHE OCHOBAHO Ha JIA3ePHOM H3JTy-
YeHUH AJUHON BOMHBI 650 HM. M3mydeHune perucTpupyer KOJIMYECTBO M pa3Mep
YaCTUI] MbUIM, NPOXOJSAIIMX Yepe3 JaT4uK. JTH JaHHbBIEC nepepatrorcs mo Wi-fi
B ClieUAIbHOE MOOMIIBHOE TIPWIIOKEHHE, TJe COXPAHSIFOTCS M CUCTEMAaTH3HPYIOT-
Cs1, YUTO MO3BOJISIET AaHATM3UPOBATh UX, CO3/1aBaTh KapThl paclpeaesIcHUs 3arpsizHe-
HUSL U OTCJIEKHMBATh AMHAMHKY W3MEHEHUS 3KOJIOTHYECKOM OOCTaHOBKH, IeNaTh
BBIBOJIBI U TIPOTHO3BI O COCTOSIHUHM aTMOCQEPHI.

3akaiouenne. B paMkax MmpoekTa co3llaHa W MpOoLUIa WCHBITAHUS Jia3epHas
cucTeMa KOHTPOJIS a3PO30JIbHOTO 3arpsi3HEHUS BO34yXa, KOTOpasi IIO3BOJISIET OIIpe-
JIeNSTh HEe TOJIBKO KOHIEHTPALUIO, HO AMCIEPCHBIH COCTaB adpO30JbHBIX 3arpss-
HEHHH.
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Y[IK 536.2

OAHOMOTOYHbIN HECTALLMOHAPHbIN MeToA UccnesoBaHuA
TennoobmeHa gJis NNACTUHYATBIX U MJIACTUHYATO - pedpMUCTbIX
noBepxHoCTeNn TennoobmeHa
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EropoB Kupunn CepreeBuy egorovks@bmstu.ru

CtenaHosa Jlapuca BanepbeBHa
stepanovalv@bmstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

Annomayusn. B obnacmu umnopmosamewenuss meniooOMeHHblX ROGepXHOCmel Olsl pa3-
JIUYHBIX npusiodicenuil (mpancnopm, Heghmexumuseckoe npou3gooOCHeo, IHePLemuKd) mpe-
bytomes a¢hpexmusnvie, HadedicHble U DblCmpble Memoobl NOLYYEHUs MEeni0cuopasiuie-
CKUX XAPAKMEPUCMuK WIACMUHYAMbIX U NIACMUHYAMO-DeOPUCMBIX  NOGEPXHOCEN
mennooomena. OOHUM U3 MAKUX MemOo008 A6IAemcs 0OHONOMOYHBIN HEeCMAYUOHAPHBIL
Memoo, KOmopulii He mpebyem HAmu4us mopou cpedvi (KoHOeHcupylowe2o napa uiu
arcudxocmu). B pabome 9KCnepuMeHmanbio u meopemuiecky RPOAHAIUUPOSAHO GNUSHUE
CHEUOeANbHOCMU» CIMYNEeHbKU memnepamypul. Taxdce ¢ yuemom npoeedeHH020 aHAIu3a
bbL1a nposedera 0opabomrka KCNePUMEeHma Ol HAXONCOeHUs. Kodpduyuenma menioom-
dauu 08ymst Memooamu, KOmopbwle NOKA3au Ou3Kue pe3yibmanmal.

Kniouesvle cnosa: nnacmumnuamvie nOGepXHOCU — MeENA00OMeHA, NAACHMUHYAMO-
pebpucmeie nogepxHOCMU MenI00OMena, 0OHONOMOYHbIY HECIAYUOHAPHBINL MemOo0, KO-
agpuyuenm menroomoauu

BBenenue. OqHOMOTOYHBIN HECTAIIMOHAPHBIA METOJ MCHOIB3YETCS IS MCCIE0-
BaHUS TEIUIOOOMEHa B ITOBEPXHOCTAX, ¢ KO3()(PHUIIMEHTOM KOMITAKTHOCTH Oolee
2000 m?/v3 [1]. On Takske HAIIEN IPUMEHEHHE B TAKAX YK30THUECCKUX «ITOBEPXHO-
CTAX» TEII000MEHa, KaK OBOIIU U (PpyKThI [2]. TermiooOMeH pacCUMThIBACTCS IO
M3MEHEHUIO TEMIIEpaTyphl Ha BHIXOJIE U3 TEIUIOOOMEHHON MOBEPXHOCTH IPU HAIIU-
YMU Ha BXOJIE «CTYIIEHBKH» TeMmIeparypsl. Ha TOUHOCTh MeTo/ia BIHSET OTKIIOHE-
HUE TEeMIIEpPaTyphl OT «UAeaIbHOro» mnpoduis Temreparypsl Ha Bxoje. [lomryden-
Has METOJIWKa TIO3BOJIMJIA YYECTh «HEHJICATbHOCTH» CTYNEHBKH TEeMIIePaTypHI.
[TpuBeneHbl pe3ynbTaTbl HAXOXKACHUS KOA(PQOUIMEHTAa TEIIO0TAaYyd C Y4YeTOM
MPOBEJICHHOTO WCCIIEZIOBaHUS JBYMsI METOJIaMH — METOJIOM HETOCPEJICTBEHHOTO
HAJIOYKEHUSI KPUBBIX M METOIOM HaXOKACHUSI MaKCUMAIIbHOTO HAKJIOHA.

Metoabl 1 MaTepuaabl, pe3yJbTaTbl. CxeMa SKCHEPUMEHTAIBHOIO CTEHAA
npezcraieHa Ha puc. 1. O mpezncrasiser u3 cebs kanan (1) ¢ HarpeBareneM Ha
BXxoze (2), TepMOMETpOM comnpoTHBiIeHHs (3) Ha BBIXOAE U3 MATPHUIIBI JJIs H3Mepe-
HUSI TEMITEpaTyphl, BEHTHISTOPOM (4), KOHIIEBBIM X0J10aMIbHEKOM (5) U pacxomo-
MEpPHBIM YCTPOMCTBOM — cCTaHmapTHOW auadparmoii (6). Temmepatypa mepen
nuadparmoii uamepsieTcs npu nomouy repmonapsl Tuna XK. Bee naBnenus nsme-
PSIOTCS € HWCTOJb30BaHWEM JU(GEPEHITHANTBHBIX JaTYUKOB JaBIEHUS (UPMBI
Honeywell. B kauectse AILIIT ncnionb3yeres miata pupmsr National Instruments.
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.\\.;;: - oThop JAEIEHHA

- TEpMOIIApa

Puc. 1. Cxema 3KCNepuMeHTaNbHOMO CTEHAA:

1 — 3KCNEePUMEHTASIbHbIN YHaCTOK, 2 — HarpeBaTeflb, 3 — TePMOMETP CONPOTUBNEHUS, 4 — BEHTUNIATOP, 5 — KOHLLEBOW
XONOANNbHUK, 6 — Anadparma

JInist OLIEHKW OTKIIOHEHHS OT «CTYMEHBKH» TEMIIEPATYPhl POBOJAMIUCH IKCIIE-
puMeHTHl 0e3 MaTpuilpl TerIooOMeHa (pacxol BO3MyXa COCTaBISUT MPH 3TOM
0,006 xr/c). Bputo Moay4eHo XOpOIliee COBMAJCHHE SKCICPUMEHTA U TEOpETHYC-
CKOTO PEICHHUS OXJIAXKICHHS U HarpeBa unHaApa [3]. DTO MO3BOIUIO BHECTH He-
UICANBHOCTh «CTYIIEHBKI» TEMIIEPaTyphl B BEIYHCIUTEIBHYIO TIPOrpaMMy, Hallu-
CaHHYIO Ha s3bIKe FOrtran juis TeopeTHueckoro pacuera TeMIIEpaTyphl Ha BBIXOJE
U3 TEII000MEHHO# moBepxHocTH [1].

O0paboTka 3KCIepUMEHTa C YYeTOM MOJIY4YEeHHBIX PE3yJlbTaToB MPOBOANIACH
JBYMsI METOZAaMH — METOZOM HENOCPEICTBEHHOTO HAJOKEHUSI KPUBBIX M METO-
JIOM HaXOXJICHUSI MakCHMMaybHOro HakioHa [1]. [Ipumep 00paboTKu pe3ysbTaToB
SKCIepuMeHTa B Buze Oe3pazmepHoro koadduimenrta temmooraadn NTU mpuse-
JICH Ha puc. 2.

Puc. 2. 06paboTKa pe3ynbTaToB IKCNEPUMEHTOB:

a — METO[, HeNnocpeACcTBEHHOrO HanoxeHus Kpuebix (NTU = 23,0), 6 — MeTOA, MaKCMMaNibHOrO HaK/IOHa
(NTU = 25,5), 1 — 3KCneprMeHTaNbHble faHHble, 2 — TeOpPeTUYeCKNe KpUBbIe, 3 — TOUKA MaKCMMYyMa HaKNOHa
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3aka0uenne. [IpoBeneHHbIE TEOPETHYECKUE pACYEThl YHCICHHOTO PEIICHHS
TEMIIepaTyphl Ha BBIXOJE M3 MATPHIBI TEINIOOOMEHHOTO amnmapara MoKas3ajiH, 4TO
PasHOCTb MEXAY KOd(PQPHUIMEHTOM TEMIO0TAauH, BBIYHCICHHBIM 10 HICaIbHOM
CTYTIEHBKE» TEMIEpaTypbl W C Y4YETOM pPEaJbHOTO H3MEHEHHUsS TeMIIepaTyphl
Ha BXOJE B MAaTpUIly TeIIOOOMEHHOro ammapaTa MoxeT pocturath 15-20 %.
C yyeroM 5TOro OBUTH NpOBeAeHA 00pabOTKa SKCHEPHMEHTa JBYMS METOIAMH,
KOTOpBIE TIOKa3aIH CXOKUE PE3YIIbTATHI.

CruUCcoK UCTOYHUKOB

[1] Eropos K.C., Kpsuios B.1., Crenanosa JI.B., ®enoperko A.D. Pacuer MakCHMaJbHBIX yTJIOB
HAKJIOHA KPUBOI TeMIEpaTypbl s OAHOIOTOYHOTO HECTALIHOHAPHOTO METO/IA IOTyUCHHS Tell-
JIOBBIX XapaKTePUCTHK IOBEPXHOCTEH TerooOMeHa. Msmepumenvnaa mexnuxa, 2017, Ne 9, c.
40-44.

[2] Lapinski A., Smierciew K., Zou H., Butrymowicz D. Measurement of Heat Transfer and Flow
Resistance for a Packed Bed of Horticultural Products with the Implementation of a Single Blow
Technique. Processes, 2021, vol. 9, art. no. 2151. https://doi.org/10.3390/pr9122151

[3] JIeikoB A.B. Teopus mennonposoonocmu. Mocksa, Beicinas uikoina, 1967, 599 c.
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Annomauyun. B pabome npedcmasnenvl pe3yiomamsl UCCIe008aHUSA, HANPABIEHHO20 HA
OYEHKY GNUAHUA MEXHON0SUUECKUX PEHCUMOB OCANHCOEHUS HA 8ETUUUHY AO2e3UOHHOU NPOY-
HOCMU cyenjieHus KOMNO3UMHO20 NOKPbIMUs CO CMAalbHOU 0cHo8ou. Ha ocnoge npogeden-
HbIX 9KCNEPUMEHMNO08, A MAKHCe N0 UMO2Y PecPecCUOHHO20 U KOPPENAYUOHHO20 AHAIU308,
ObLIO Onpedeneno, 4mo OCHOGHLIM (DAKMOPOM, GIUAIOWUM HA GEIUYUHY UCCEOYEMO20
Kpumepusi, A6/51emcs 0asiienue UHCIMpyMeHma.

Knroueswvie cnoea. xomnozummnoe nokpsimue, ao2e3uonHas HNPOYHOCMb, mexnoiocuiecKkue
pegfcusz,peepeccu()HHbzit AHANIU3, SKCnepumennm

BBenenne. [Ipu HaHECEHWH KOMIIO3UTHBIX MOKPBITHH IMPOLECC TaIbBAHMYECKOTO
XPOMHPOBAHHS XapaKTEPU3YEeTCsl BHICOKOH CTENeHBbIO CTaOMIBHOCTH. B KoHTEKCTE
aHaJIn3a HAaHOKOMIIO3UTHBIX TaJIbBAHUYCCKUX HOKpI)ITI/Iﬁ CJIEAYyCT YYUTBIBATH, YTO
JOCTIDKEHHE TPeOyeMOol paBHOMEPHOCTH HAHECEHHUSI KOMITO3UTHBIX CIIOEB Ha CTallb-
HYIO OCHOBY IIPE/ICTABIISIET COOO0M BeCchMa TPYJAO0eMKHiA mporecc [1].

AI[I‘C3I/IOHHa$I MMPOYHOCTH ABJIACTCA KIIIOYCBBIMHU XapaKTCPUCTHUKaMU, OIPCac-
JSFOIIAsi KA4eCTBO KaK KOMITO3UTHBIX MOKPBITHH, TaK M APYTHX BHUAOB (pyHKIHO-
HaJIbHBIX MOBEPXHOCTHBIX CJIOEB, HAHOCUMBIX Ha MCTAJUIMYECKYIO OCHOBY. Hay‘l'
HblE M3BICKaHUs, IMPOBEICHHbIE B paborax [2-5], neMOHCTPHPYIOT, YTO BCe
Pa3HOBHUHOCTH IOKPBITUHM, BKJIOYAsl MOKPBHITHS HA OCHOBE XpOMa, XapaKTEpH3y-
IOTCSA BBICOKMM YPOBHEM IMPOYHOCTU CUCIUICHUA IMOKPBLITHA C OCHOBOI>'I, KOTOpBIfI
3a4acTyI0 ITPEBOCXOAUT KOTE3MOHHYIO INPOYHOCTH CaMoro MOKpbITus. [lomumo
3TOT'0, B KOHTCKCTC O6CY)KJICHI/I$I MIOPUCTOCTHU HOKpBITHﬁ, B COOTBETCTBHH C HUCCIIC-
noBanusMH [1-5], nmucnepcHple YacTUIBI KOMIIO3UIIMOHHOTO Marepuaia CIocoo-
CTBYIOT €€ YMCHBIICHHIO.

MeToabl U MaTEpPHUAJIbI; Pe3yJbTaThl. B X0/1¢ MPOBOIUMBIX J1a00OpaTOPHO-
OKCIIEPUMEHTAIBHBIX UCCIIEJOBAaHUI B IIPOIecCe HAHECEHNUS TIOKPHITHI B Ka4eCTBE
00pasIoB I OCAKIACHUS MCIOIb30BaINCH BTYIKU U3 ctanu 30 XI'CA. Tuamerp
uccieayeMsix oopasinoB — 10 MM, a IMHA TOBEPXHOCTH, KOTOpas MOJIBEpraiach
ocakaeHnto — 55 mm (puc. 1).

Ha ocnoBanun 'OCT 9.302-88 mpou3Boauiock OnpeaeieHrue aare3noOHHON
HNPOYHOCTH HAHOKOMITO3HUTHOTO MOKPBITHS. ONpeersuiich Macchl CTaJbHBIX 00-
Pas3ioB TOCIE OCAKIACHHS TOKPBITHS My, 10 OCAXKICHUS My U TOCIE CAaBINBAHUS
Ha mpecce Mg:
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Cy =5~ 10006, (1)
m —m,
XapaKTepUCTUKK SKCIEPUMEHTAILHOIO IIaHa ObLIM THIATENBHO MOA0OPaHEI
C ICJIBIO JOCTHXKCHUS 6eCHOpI/ICTLIX HOKpBITHﬁ 1 MUHUMH3AlIUHU HaBOJOpa)KHMBa-
HHS CTAIbHOH OCHOBEL B paMKax IpeaBapHTENIbHOrO SKCHEPUMEHTa ObLI IpOBE-
JCH KOppeﬂﬂuI/IOHHLIﬁ aHaJIn3 AJId BBIABJICHUA (I)aKTOpOB, BIIUAOINUX HAa aArce3UI0
TTOKPBITHA.

Puc. 1. CtanbHble 06pa3ubl 13 ctanm 30 XICA

Be10 ompezeneHo, 4To pakTopaMu, OKa3bIBAIOIIMMHU CYIIECTBEHHOE BIIMSIHUC
Ha QJr€3MOHHYIO TPOYHOCTbH MOKPBITUSI CO CTAIBHOH OCHOBOH SIBISIIOTCS ILIOT-
HOCTh TOKa (i), Temnepatypa 3iekrponuta (t) u naBnenue nHcrpymenrta (p). Bee
OCTaJIbHbIE paccMaTpUBaeMble (haKTOPbI OKA3aIUCh JTUOO CTATHCTUYECKU HEe3HAYH-
MBIMH, JINOO MYJIbTHKOJUTHHEAPHBIMH.

[Mocnie yero ObLT MPOBEJCH PErpecCHOHHBIN aHAIM3, UCCIIETYEMbIM KPUTEPH-
€M IMPH KOTOPOM SIBJSIACH MHUKPOT'€OMETPHSI MOJYy4aeMOro MOKPBITHH & , MKM,
a He3aBUCUMBIMH (haKTOpaMK — BBILIE MPEACTABICHHBIC TAPAMETPHI.

ITocne packoaupoBaHusi ObUIO MOJNYYEHO YPaBHEHHE PErPECcCHU B HATYpallb-
HBIX CIMHUIIAX:

£ = 20,762 +1,637i +1,396t + 21,954 p — 0,044t — 0, 331tp. 2

Bbu10 BBIABICHO, YTO MOAM(UKAIIMS TEXHOJOTHYCCKHUX [1apaMeTPOB Mpoiiecca
M03BOJISIET MOBJIHMATH HA MUKPOCTPYKTYPY HAHOKOMITO3UTHOTO MOKpPBITHS (pHC. 2).
Anresus mokpeITUsA K ocHOBE cocTaBmiia 90-98 %, B TO BpeMs KaK y CTaHIAPTHBIX
MIOKPBITHIA 3TOT TMoOKa3aTellb coctaBisieT 32-58 %. Takum oOpa3oM, aare3moHHas
MIPOYHOCTH yBenuumiack B 1,7-3,2 paza.



68 Pycckuli uHxxeHep: Il MexxdyHapoOHbil koHzpecc. Mockea, 29 -3 1 okmsbps 2025 2.

100 P = . 5 3
il _'_-_'_'—‘—-——.—____.____-_-.
&l
£ M
2]
1a
a
a ad 100 150 200 230 300 izl A0 430

TONWEHA NOXEITHA

== T IHCADTHONEDOMEIOE Qi e Ha0nanaanTHO: MO
Puc. 2. 3KCI'IEpVIMEHTaﬂbHaH NpoBEpPKa afaresnmn NoKpbiITUA K OCHOBE

3akmiouenue. B PE3YJIbTAaTC MPOBCACHHBIX I/ICCJ'IC):[OBaHI/Iﬁ ObL1a pa3pa60TaHa
MaTeMaTH4IeCKasa MOJCJb, OTpaXkaromiasa BOS,Z[CﬁCTBPIe TCXHOJIOTHYCCKUX IMapaMeT-
POB OCAXICHUA KOMIIO3UTA HA XAPAKTCPUCTHUKU MHUKPOIrCOMETPHUU KOMIIO3UTHOTO
IMOKPBITHA.
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Annomayusn. Ilpeocmasiena ungopmayus o UCMOKAX DOPMUPOSAHUS, CMPYKMYpe
U HANPABNEHUSX UCHONB306AHUS KOLIEKYUll HayuHo2o obwvekma Kcunomexa Benopycckozo
20CY0apPCMBEEHHO20 MEXHOI02UNecKo20 yHueepcumema, xomopuiii ¢ 2024 2. obwseien
Hayuonanvnoim 0ocmosinuem Pecnybonuxu Bbenapycey. Obcyscoaemest poib KCUiomex 8 0o-
PA306aHUU, HAVYHOU U IKCNEPMHOU OesmelbHOCHU, PACCMAMPUBAIOMCI NEePCREeKmuabl
Pazeumust KOANeKYull 8 HanpPagIeHUU OPeaHU3ayUU MeNCOYHapoOHo20 0OMeHa u paculupe-
HUSL UHCIMPYMEHMAPUs U3Y4eHUsl OPEBEeCUNbl.

Knwuesvie cnosa:. dpeeecuHa, Kcuiomeka, d)opMupoeaHue, S3HAYUMOCMb, NEePCneKmussbl
passumus

Beenenune. Kcunoreku, kak ocoObie (opMbl repOapus, COCTOSIUE U3 00pa3loB
MO3BOJISIIOT HAKAIUTMBATh, CHUCTEMAaTU3WPOBAaTh M JAMATHOCTUPOBATH JPEBECHHY;
M3y4aTh MHOTIOOOpa3ue CBOWCTB 3TOTO IEHHOTO BO300HOBIISIEMOIrO MPUPOIHOIO
pecypca; pa3pabaTeiBaTh HOBBIC MOIXOMABI M METOJBI aHanMM3a ApeBecuHbl [1-3].
Lenp manHON paboThl 0cBeTUTH McTOpHIO dopmupoBanus Kcumorexu BI'TY, mo-
Ka3aTh €€ CTPYKTYPY U 3HAYUMOCTh KOJUISKIIUU JUIS PA3BUTHUS OCIIOPYCKOM IIIKOJIBI
JIPEBECHHOBE/ICHUS, OTPa3WTh NEPCIEKTUBHBIC HANPABICHUS COTPYIHUYECTBA
B 00J1aCTH KOJUICKIIMOHUPOBAHUS ¥ U3yUCHUS JPECBECHHBI.

MeToabl U MaTepHAaJIbI; Pe3yabTaThl. J[JI5 MOArOTOBKM HACTOSAIICH PabOTHI
ucrnonb3oBasmchk Goumel Kenmoreku BI'TY, peectp HaydHoro oOwekTa, TuTEepa-
TYpHBIC U aQpXUBHBIC CBEJICHUS O BKIIFOUCHHBIX KOJUICKITUSX.

@DoHIBI KCHJIOTEKH HadnHAMM (opmupoBathcs ¢ 30-X TOJOB MPOILIOrO BeKa
¥ B HACTOSIIEE BpeMs BKJIIOYAIOT Oojiee 5,5 THIC. eauHUI] XpaHeHUs. VcTouHuKH
¢dounoB Kcumorexkn BI'TY: 00pasiibl, NOJTy4YeHHBIE B paMKaX BBITIOJIHEHUS peciryO-
JTUKAHCKUX ¥ MeKayHapoaaerx HUP; npeBecuna, coOpanHas B pe3yibraTe HayIHBIX
SKCIIEANIINN, KOTOPBIC B MOCTEIHUE TOJBI MPOXOMWIHN Ha Tepputopur JlamnbHero
Bocroka, Cubupu, Kaskasza, FOro-Bocrounoit Aznuun, Okeannu, oOpasisl, OIy4YeH-
HBIC ITyTEM OOMEHA C KCHJIOTEKaMH M3 IPYTHX CTPaH; 00pasiibl, MOJYUYCHHBIC B paM-
Kax TapTHEPCKUX OTHOIICHUN ¢ OOTAaHMYECKHMU CaJaMU U JICHIPAPHUIMU; JPEBECH-
Ha, TepelaHHas W3 YaCTHBIX KOJUICKIIMH WM CcOoOpaHHAas KOJUICKIMOHECPAMH-
JIIOOUTENIIMU — CTYACHTaMH, MPOU3BOJICTBCHHUKAMH, COTPYIHUKAMH YHUBEPCUTE-
Ta M APYTHX OpPraHu3aIuii.
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Hay4Hblif 00bEKT COCTOUT U3 YETHIPEX Pa3/ICNoB:

— KOJUICKI[MSI MacCHUBHBIX 00pa3iioB JpeBecuHbl, BKIouaeT 2610 oOpasios,
otHocsmuxcs k 445 sunam 178 ponos 61 cemeiicTBa;

— KOJJIEKIIMST MUKpOCpe30B KerieMbl — 2015 00pasiios, otHocsmxcs Kk 137 Bu-
nam 36 pooB 20 ceMeHCTB;

— KOJUIEKIIHS HCKOTIaeMoi ApeBecrHbl — 269 00pa3ios,;

— KOJUICKI[MSI KOMITO3UIIMOHHBIX JPeBEeCHbIX MarepuaioB — 120 oOpasiios,
MPEJICTABICHHBIX /3 Pa3HOBUIHOCTSIMU MaTEPUAIIOB.

Kosmekiuu mpeacTaBieHbl OCHOBHBIM M HAayYHO-BCIIOMOTaTeIbHBIM (DOHIA-
Mu. OCHOBHOW — TpeIHa3HAYCH MCIIOJIb30BaHUS B KAUECTBE 3TAJIOHOB JIPEBECHHBI
MECTHBIX M SK30THYECKHX JAPEBECHBIX PACTEHUM, HCKOIMAEMOM IPEBECHHBI U KOM-
MO3UIMOHHBIX JPEBECHBIX MaTepuanioB. HayuHo-BcrioMorarenbHbIi (YOH]T HCITOJb-
3yeTcsl U3YUYCHHS CTPOCHUS M CBOMCTB JPEBECHHBI, B TOM 4YHCIIE C HapyIICHUEM
LIEJIOCTHOCTH MaTEepHalIOB, 00pa30BaTEIbHBIX IPOCKTOB, CYIACOHO-00TAHHYECKUX
U JIECOTEXHUYECKUX DKCIEPTU3, a TAKKe OCYIICCTBICHHS OOMEHA, MPOBEICHUS
npOoQOPUCHTAMOHHON NESTETBHOCTH M MOMYJISIPU3AIMYA HAYYHBIX UCCIICTOBAHUH.
VYuaureiBas 3aunMocth kosuiekuuu B 2024 r. Kcunoreke BI'TY npucroeH craryc
HAy4YHOTO 00BEKTA, COCTABISIONICTO HAIMOHATIBHOE TocTOsiHUE benapycu.

3akaouenne. YuukanpHble koiureknun Kcmimorekn BI'TY umMmeror BakHOE
HAyYHOE 3HAYCHHE B KaueCTBE OOIIMPHOro (HaKTUYECKOro MaTepuaia U UCCIICI0-
BaTENBCKOW 0a3bl, KOTOPAs MO3BOJISIECT PEIIATh PSIJl BAKHBIX MPAKTUUCCKUX 3a/1ad.
IlepcrieKTHBHBIME HAITPABJICHUSIMH Pa3BUTHS KOJUIEKIIUHN SABJSCTCS MOBBIIICHUE HX
JIUaTHOCTUYECKOW IIEHHOCTH ITyTEeM IOTOJIHECHUs (OHIIOB B paMKax MEXIYHApPO/-
HOT0 COTPYAHHUYECTBA M IPYIMX HCTOYHHMKOB, BepU(HUKAIUsI 00Pa3IOB ¢ HCIIOJb-
30BaHUEM MOJICKYJIIPHO-TEHETHUECKUX METOIOB, U(poBU3aius (GOHIOB U CO3/1a-
HHUE BUPTYaJIbHOW KCUIOTEKH.
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Annomayun. Paccmompena 3a0aua npumeHeHuss KOCMU4ECcKo20 annapama-uHcnekmopa
ons obcaedosanust Poccutickoii opoumanvroii cmanyuu. /s paspabomru u omaaoxku aj-
20pUMMO8 YRPAGIeHUs e20 08udCeruem mpedyemcs npoeeoenue cepuil Ha3eMHblX IKCne-
pumenmos. OHU C653aHbl ¢ PYHKYUOHUPOBAHUEM 2A30PEAKMUBHBIX 08U2AMENEU U COON-
sememayrowum dgudicenuem annapama. Onucana KOHCMpYyKyust paspabomanHo2o makemd,
BKIIOHQAIOWAS. NHEBMAMUYECKYI0 noocucmemy (HHeBMOAKKYMYAIMOP, Pe2ysmop Oa61eHusl,
KIanamvl) u cucmemy ynpasienus na 6aze muxpokonmponrepa ESP32 ¢ 6ecnposoonoii
ceazvio. [lpusedeno onucanue OCHOBHBIX IKCNEPUMEHMO8, Komopuvle GyOym RpO8eoeHbl
C UCNONL308AHUEM MAKEMA. UCCLEO08AHUE OMKIUKA HA YAPAGISIOWUE UMNYIbCbL, Onpede-
JleHue pacxoda paboue2o meia Ha MAHEespPbl U UYHeHUe GIUSHUS KOHQUIYypayuu MaKema na
ynpaensiemocms. Imu 0anHble HeoOX00uMbl 0Jisl BEPUPUKAYUU MAMEMAMULECKUX MOOeael
U OMAAOKU CUCMeMbL OPUSHMAYUY NEPCIEKMUBHO20 annapamd.

Knwuesvie cnoea. xocmuueckuil annapam, annapam-uHcneKkmop, 2a30p€aKmu6‘Hbl12 osu-
cameilb, NHe6MOoCucmemaul, colcamulil 803())/)6

Beenenue. TTpoekt Poccuiickoit opouranshoii craniuu (POC) npeamonaraer uc-
M0JIb30BaHKE TPYIIUPOBKH KOCMHUYECKUX arlMapaToB-uHCIeKkTopos [1]. Onu ciy-
Kart i O6H3py>K€HI/I$I MCIIKHUX HOBpe)K]IeHI/II\/‘I Ha BHEIITHEHN IMOBEPXHOCTHU CTAHIIHU.
WHcnekTopsl mepeMeraTcsi K 00caeyeMOMy MECTy C IOMOILBIO ra30peaKkTHB-
HOW JaBHraTenbHOW cucTeMbl. OcoOyI0 pOIlb WIpal0T MEXaHWU3MBI OPHEHTAIUU
U CTa0WiIM3amnuy, 00ecreunBarollie MO3UIMOHUPOBAHIE OTHOCHUTEIFHO O00BEKTa
ChEMKH. B IPOTUBHOM cCilydae HE yAacTCs MOJyYUTh KaYeCTBEHHOE N300pakeHueE.
IloaTomy mns pa3paOOTKH CHUCTEMBI OpWEHTAlMK W CTaOWiIM3anuu HeoOXoanMma
oTnajaka aropuTMoB. OHa MPOU3BOAMUTCS HA 0a3e IKCIEPUMCHTAIbHBIX JaHHBIX,
MOJTyYEHHBIX ITPH HA3€MHBIX MCIIBITAHUAX MAaKeTa Ta30PEakTUBHON CHCTEMBI.
Metoapl M MaTepuaJbl, pe3yabTarhl. OTianKa alrOPUTMOB OPHUEHTALUU
U cTabunm3anuu TpeOyeT aHan3a OTKIIMKa 00BbEKTa YIIPaBICHsI Ha TIOCTYIAIOIINE
cuTHAIBL. {71 mpoBeneHNsT UCIBITAaHUKA OBLT pa3pabOTaH MAaKeT Ta30peaKTUBHOU
CUCTEeMBI, ()YHKIIMOHAIBHO TMOJIOOHBIN HCIIOJIb3YEMOMY B pa3padaThiBAeMOM KOC-
MHYECKOM armapare-uHcrnekrope [2]. MakeT moBeinieH B BepXHeH TOYKE U MOXKET
cBOOO/IHO BpamaThcsi BOKPYT cBoeil ocu. [IHeBMaTHueckas mojacucTeMa MakeTa
BKIIFOYACT ITHEBMOAKKYMYJIISITOP, CUCTEMY 3aIlPaBKH, PETYJISATOP JABJICHUS U YEThI-
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pe Ta30peaKTHBHBIX IBUraTesl C OTCEUYHBIMHU 3JIEKTPOMAHUTHBIMH KiIallaHAMU.
st mpoBeeHus SKCIIEPUMEHTOB pa3paboTaHa MoJACUCTEMa YIIpaBlieHUs: Ha Oase
OecrnipoBoIHO# cBs3u 1o TexHonoruu Wi-Fi. OHa obecrieynBaeT BKIIIOYECHHE U OT-
KIIIOUEHHE JIBUTaTesIell B TpeOyeMble MOMEHTBI BPEMEHH, a TaKXKe W3MEpEHHE Te-
KYILIETO JaBJICHHs B THEBMOAKKYMYJISITOpe. B OCHOBE CHCTEMBI ynpaBlieHHS JIEKHUT
wiaropma ESP32 [3]. [dnst mosydeHus WHGOPMAIMU O TOJOXKEHHH B MPOCTPAH-
CTBE W IBUKEHUH HCIIONB3YETCsl pacnpocTpaHeHHbiid Moayins MPUG0S0.

MakeT H3roToBJIEH C NPUMEHEHHEM TEXHOJIOTHH JazepHoil pe3ku u FDM-
nevat. [IpoBeleHbl WCTBITAHUS, TOKa3aBIIne paboTOCOCOOHOCTh M3TOTOBJICH-
HBIX MoJicucTeM. MakeT oOecriedyrBaeT IOBOPOT MaKeTa BOKPYT BEPTHKAIBLHON OCH
B 00oux HampasieHuAX. KOHCTpyKuus MakeTa 1M03BOJISIET KOPPEKTUPOBATH B3aUM-
HOE PaCIIOJIOKEHHE Ta30PEaKTHBHBIX JIBUTATEINECH IS YIyqIICHUS YIPaBIIEMOCTH

3akmouyenue. PazpaboTaHHBIH MakeT MO3BOJIUT NPOBECTH CEPHUIO 3aILIaHUPO-
BaHHBIX JKCIEPUMEHTOB. [loydeHune 3KCIepUMEHTAIbHBIX JAaHHBIX O 3aBHCHUMO-
CTH YTJIOBOTO YCKOPEHUS M 3aMEIJICHUSI MakeTa OT UMITYJIbCOB CXKATOTO BO3yXa
B JIBUTATEIIN SBISIETCS OCHOBOW JUI BepU(HUKALMU U HACTPOMKHM MaTeMaTu4ecKoil
MoJenu o0bekTa ynpaeienus. OnpeneneHue pacxoaa padodero Teja Ha BBIIOJHE-
HUE TUIOBBIX MaHEBPOB HEOOXOOMMO AJISl MPOEKTUPOBAHUS OOPTOBOH CHCTEMEI
XpaHEHHs BO3IyXa C TPeOYEMBIMH MacCOTa0apUTHBIMHU TOKA3aTEISIMU. DKCIIEPH-
MEHTaJbHAs MPOBEPKa BIMSHUS M3MEHEHHs B3aUMHOTO PACIIOJIOKECHHUsS JIBUTATE-
Jiel Ha yIpaBIIieMOCTh OTKPOET BO3MOKHOCTH HE TOJIBKO JUISl YIIPABJICHUS! OPHEH-
tanuel (ITOBOPOTOM), HO W JUIS PEaIU3alliy JIMHEHHBIX MEePEeMEIICHH anmnapara-
MHCIIEKTOPa OTHOCUTENBHO CTAHIIMH.

Paboma evinonnena npu nodoepoicke Munucmepcmea nayku u 8vicuie2o 06pazoeanust
Poccuiickoti @edepayuu no 2ocyoapcemeennomy 3adanuio (npoexm Ne FS-N-2025-0016).

CnMUcoK UCTOYHUKOB
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Annomayus. [Iposedena KOMNIEKCHASA OYeHKA 8030eUCmBUsl MeXHOCHePbl Ha IKOCUCTHEMY
Kacnuiickozo pecuona. Ha ocnoge cucmemnozo ananusza cmamucmuyecKux OAHHbIX, Hayy-
HbIX NYONUKAYUll U 2e00AHHbIX BbIAGIEHbl KIIOYesble He2amusHvle Gakmopul, mpebyoujue
nocmoanHo2o monumoputnea. O6ocHo8ana HeobX0OUMOCMb Nepexood K cKOOPOUHUPOBAH-
HOMY PESUOHATLHOMY MOHUMOPUHEY U YRPAGTIeHUIO O NPUHAMUA 3D PeKmueHvix npupo-
O00XPAHHBIX Mep U 06ecneueHUs YCMOUYUBO20 PA3GUIMUS PECUOHA.

Knroueswie cnosa. Kacnuiickoe mope, mexrHocghepa, sKoa02u4eckuti MOHUMOpuHe, ouopas-
Hoobpasue, eOUHAs UHPOPMAYUOHHAS cCUCTHeMA

BBenenue. AKTYaJIbHOCTH HCCIICOBaHMS OOYCIIOBJIIEHA POCTOM TEXHOTCHHOM
Harpy3Ku Ha BOIHBEIN Oaccelin Kacmmiickoro permona. JIMHAMUKY 3KOCHUCTEMBI
Kacnuiickoro Mopst GopMUpyeT KOMIUIEKCHOE B3aMMOJICHCTBUE Pa3IHYHBIX (ak-
TOPOB. DTO NOMYEPKUBAET BaXHOCTh KOMILUIEKCHOIO IOAXOAA BCECTOPOHHEU
OILIEHKHU JKOJIOTUYECKOH OOCTAaHOBKM B PErHOHE Jisi pa3pabOTKU HAYyYHO 0OOCHO-
BaHHBIX MEp M0 MHHUMH3ALHUN HEraTUBHOTO BO3ACHCTBHA TEXHOC]EpH U odectie-
YEHHWIO yCTOMUMBOrO pa3BuTus peruoHa. Ilommucannas B 2003 romy Pamounas
koHBeHuus [1] mo 3amure Mopckoit cpenbl Kacnuiickoro Mopsi SBJIsieTcsi OCHOBOI
JUTst QOPMUPOBaHMUSI COBMECTHBIX YCHIIMH CTpaH pernoHa B 00JacTH MOHUTOPHWHTA.

MeToabl U MaTepuaabl; pe3yJbTaThbl. [ OleHKH BO3JCHCTBUS ObLT TpuU-
MEHEH METOJ CUCTEMHOr0 aHalli3a M CHHTE3a JaHHBIX MEKIYHapOIHOIO YpOBHS
[2]. Ha ocHOBe 3THX JaHHBIX MIPOBEJACHA KAUYSCTBCHHAsI M KOJIMYCCTBEHHAS OICHKA
OCHOBHBIX (hakTOpoB 3arpsi3HeHust Kacmuiickoro mops (cM. TaOuuily), KOTOpbIC
MOKAa3bIBAIOT BBICOKYIO 3KOJIOTMUECKYIO Harpys3Ky, HUMEIOLIYI0 pPEruoHalbHBIN
Y TPAHCTPAHUYHBIN XapakTep.

Anann3 3arpsasHenuii Kacnmiickoro mops

Xapakrep IMocaeacrBust
Buy 3arpsi3HeHust OCHOBHbBIE HCTOYHHKH .
BO3JefCTBHS JJIS1 IKOCHCTEMBI
Hedrenponykrsl | /loOblua 1 TpaHCIOpTH- | 3arps3HEHHE CHumxenue 0uo-
poBKa He()TH U ra3a, BOJBI U JIOHHBIX | pa3sHOOOpa3us
aBapuiiHbIE Pa3IHUBbI OTJIOXKECHHH,
yraerenue ¢oto-
CHHTE3a
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Oxonuanue madauyvi

Xapakrtep IlocaencTBus
Buy 3arpsi3HeHust OCHOBHBIE HCTOYHHKH o
BO31€UCTBUA JAJIH IKOCHCTEMbI
Tsoxenbie Metan- | [IpomsblinuienHsie cOpo- Hakonnenue buomarnudukanys
ne1 (Hg, Pb, Cd) CBl, CTOYHBIE BOJIBI B JIOHHBIX OCajl-
Kax U OpraHus-
Max
ATPOXUMHKATHI CebCKOXO3SIHUCTBCHHBIC | DBTPOQHUKAIIHS, Heduuut xucno-
(autpatsl, doc- CTOKH C peK LBETEHHE BOJBI poJa, MaccoBas
¢arbl, necTuIu- rHOeIb PHIOBI
JTBI)
IImacTuk u Muk- BrITOBBIE OTXOMHI, Haxkomnenune Jonrocpounslie
POILTACTHK TPaHCHOPT, PbIOHAS B BOJIE U IHUIIIE- MOCTEICTBHS IS
MIPOMBIIIICHHOCTb BBIX I[ETIAX O6uopaszHooOpasus

KitoueBbIM TmpeuioskeHHEM SIBJISIETCSl CO3JaHWe €AWHOW WHTErpUPOBaHHON
w1aTdopMbl — reoMH(popMaMoOHHON cucTeMbl Kacnuiickoro Mopst, MoCTpOSHHOM
Ha 0Oa3e Mojeneil I MPOrHO3MPOBAHUS M3MEHEHUIl BOAHOrO OanaHca, KauecTBa
BOJIBI, KOJIMYECTBO PHIOHOTO 3amaca M pacrpelesieHHe 3arpsa3HeHHi, ¢ UCII0NIb30-
BaHMEM [JAHHBIX OT CTaHLUI Ha 3eMJj€, CIYTHHKOB JUCTAaHIMOHHOIO 30HAMPOBA-
Hus 3emin (Landsat u Sentinel) [3], uTo MO3BOMKMT OMEpaTHBHO BBIIBIATH HEra-
TUBHBIE TEHICHINH, OLIEHUBATh 3((EKTUBHOCTh IPUPOAOOXPAHHBIX MEPOIIPUATHH
U CIY)KUTh OCHOBOH U MPHHSATHS yIPaBICHUYECKUX PEUICHUI B paMKax MOZIEIH
YCTOMYMBOTO pa3BUTHSI.

3axiTioueHue. AHAIN3 SKOJIOTHIECKOTO COCTOSHUS Kacuiickoro Mops BBISIBHI
KOMIUIEKC B3aWMOCBSI3aHHBIX TPOOJEM, TPEOYIOMMX HEOTIOXHBIX CKOOPAMHHPO-
BAaHHBIX JACHCTBUM NPHUKACIMHCKUX TocynapcTB. PeiieHue BBIABICHHBIX MpoOJieM
TpeOyeT HOBOTO IMOJIX0JIa K OpraHM3allii COBMECTHOTO MOHUTOPHHIA W TPOTHO3HU-
poBaHusi cocTosiHuA Kacmuiickoro Mopsi Ha OCHOBE €IMHOM WHTErpUpOBaHHOMN
I1aT(OPMEI.

CnuUcoK UCTOUYHUKOB
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Annomayun. B pabome npedcmaenena Kowyenyust nOIUCEMUOMUKU XOIAPXUYECKUX KO-
SHUMUBHBIX CMPYKIMYP, OCHOGAHHASL HA UCHONb30GAHUU MEOPUU CLONCHbIX HETUHELHbIX
OUHAMUYECKUX CUCTEM, NO3BOJSIOWUX CIPOUMb MAMeMamuieckue Mooeiu Ha OCHOge
Memazpaghoeo2o nooxo0a u SpanyispHelx eviducienull. Takum oopazom noseisnemcs 603-
MOJACHOCMB C030anUsl 60see A0eK8amHo20 nooxXo0d K paspabomre cucmem UcKyCCmeeHHo-
20 UHmMenIeKma.

Kniouegvle cnosa:. ciooicuvie cucmemvl, HeIUHENHAS OUHAMUKA, NOIUCEMUOMUKA, XONAD-
Xusi, Memazpagul, epanyiapuvle 8bI4UCICHUS

BBenenue. CoBpemeHHass HayKa Bce B OOJbIIEH CTENEHW NMPOHHUKAET B 00JIACTH,
CBA3aHHYIO C HCCJIEIOBAaHUEM UPE3BBIYANHO CIOXKHBIX CUCTEM. TaKUMU cCTEMaMuU
SBIISIFOTCS OMOJIOTHYECKUE CUCTEMBbl M KOTHUTUBHBIE CHCTEMBI.

Martepuajbl M MeTOABI, pe3yJbTaTbl. CI0KHOCTh TaKHMX CHCTEM CBs3aHa
C CYILECTBOBaHHEM CJICIYIOLINX YeThIpeX (aKTOPOB:

®daxrop 1. Hammare 601p110T0 KOJTUYIECTBA DIIEMEHTOB, B3aNMOICHCTBYIOIINX
MEX]y COOOi.

®daxTop 2. B3aumogeiicTBue MeXy dJeMEHTaMU HOCUT HEIMHEHHBIN Xapax-
Tep.

@axrop 3. OpraHuzanusi CIOXKHBIX CUCTEM IpEeACTaBiIseT coOoil nepapxuye-
CKYIO CTPYKTYpY, @ JUIS PEabHBIX CIOKHBIX CHCTEM (OHOJIOTHYECKHUE CHCTEMBI,
OpraHu3alys MO3ra) — XOJIAPXUYECKYIO CTPYKTYPY.

daxrop 4. OMEpAKEHTHOCTh BOSHUKHOBEHHUS] KAYECTBEHHO HOBBIX CBOICTB 3a
cueT OM(ypKAMOHHBIX MPOIECCOB U BBIXOA Ha 00Jiee BBICOKHI YPOBEHb HEPAPXUH
gyepe3 caMOOpraHHu3altIo.

HccnenoBanne u MOAenMupoOBaHUE TaKWX CHCTEM B HACTOSIIEE BPEMS CTAHO-
BUTCS BCe OoJiee akTyaibHbIM [1, 2]. DTH MccnenoBaHus BO MHOTOM CKOHLICHTpPH-
POBaHBl BOKPYT NMPOOJEMATUKH MOJAEIMPOBAHHUS KOTHUTHBHBIX IPOLECCOB M CO-
3JIaHUS TTOJTHOLIEHHOTO MCKYCCTBEHHOTO MHTEUIEKTa. B CBSA3M C 3THMM BO3HHKAaEeT
HEOOXOJMMOCTb NPUBJICUECHHUS] TEOPHH HETMHEHHON TUHAMUKH, KOTOpas MO3BOJIS-
€T BBIIBUTH YIPABJIAIOLINE [TapaMeTPhl U IapaMeTphl MOpsAKa Ha Pa3HbIX YPOBHSX
OpraHu3alliy CI0KHOI CHCTEMBI M UX TIEPEX0/1 U3 0J1HO# hopmbl B ipyryio [3, 4].

3akioyenue. Ilepexoq K MHOIOAareHTHOCTH C HCIIOJIB30BAaHUEM CEMUOTHYE-
CKOTO TIOJX0/a, MO3BOJISIET 3HAYMTEIHHO PACIIMPUTh MHCTPYMEHTapuil Mccieno-
BaHMIA CJIOKHBIX CUCTEM. B 9TOM MjlaHe OUYeHb YMECTHO HCIIOJIb30BaHUE COUCTAHUE
areHTHOTO TMOJX0fa, MeTarpadoB W TpaHyJSPHBIX BBIYUCIEHUH, KaK COCTaBIISIO-
IIUX TEOPUHU CIIOKHBIX TIOJTMCEMUOTHUYEKUX CTPYKTYP.
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Kaxmas cemmornyeckas CTPYKTypa MpPEICTaBIISAET ONPEIEICHHBIH YPOBEHb

uepapxun (XOJapxuu), CBSI3aHHON C ONPEICICHHBIM SI3bIKOM, XapaKTepPHBIM JIJIs
TOr0 WJIK UHOTO YPOBHSI UEPAPXUU.

CnMUCcoK UCTOYHUKOB
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Annomayusn. Paccmompenvl kiaccuueckue u cospemennvle MameMamuyeckue Mooenu
npoyecca GuibmpayuonHo2o oceemienusi 600bl. Ilpoananuzuposamnsl Kiouesblie nH0OX00bl
K ONUCAHUIO MEXAHUZMA YOEPIUCAHUS 636CULEHHbIX 8eujecms 6 (hurbmpyiowem croe. Iloka-
3aHO, YMO CYWeCmayiowue MoOelu, HeCMOMPsL HA NPO2Pecc 6 ONUCAHUU Pu3uKy npoyecca,
OCMAIOMCst IMAUPULECKUMU U MpebyIom onpedeneHuss Ko UYUeHmos IKCnepUMeHmaib-
HbIM nymem 05 KOHKpemuwvlx ycnosuii. Coenan 6vl800 0 HeoOX00UMOCmuU OdlbHeue2o
COBEPUIEHCMBOBAHUSE MOOEEll OISl NPSMO20 Yiema UHMEHCUGUYUPYIOWUX Gaxmopos, ma-
KUX KAK KOHMAKMHASL KOA2YIAYUsL.

Knrouesvie crosa. gunvmpayuonnoe oceemieHue, KOHMAKMHAsL Koazynayus, mooeav Hea-
caxu, mooenv Munya, modenv Benuyuanosa

Beenenue. [Iponeccsl punbrpoBanus MOTyT OBITh MHTEHCH(UIIMPOBAHBI 33 CUET
J00aBIeHNS B CUCTEMY aJCOPOIMOHHBIX MM KOAryJSIIMOHHBIX MpoLeccoB. B aTom
ciIydae 3arpsi3HSIONIe BemecTBa Oojiee YH(PEKTUBHO yIIaBIMBAIOTCS 3a CUET CHII
a/Are3nd, BOSHUKAIOMIMX B cHCTeMe. MaTeMaTHuecKasi MOJIeJb, MO3BOJISIOIAs MO-
JeTUpOBaTh TaKUe MPOLECCHI, MOXKET ObITh pa3paboTaHa HAa OCHOBE CYIIECTBYIO-
X MoJiesiel QUIbTPallMOHHOTO OCBETIICHUSI.

Metoabl 1 MaTepuaJibl; pe3ybTaThl. Kitaccuueckoit Moaenbio GuibTpanuu
SIBJISIETCS SMIUpUYecKast Mojenb MBacaku [1], oToOpaskaroiiasi 3aBUCHMOCTh KOH-
LEHTPaLUH 3arpsi3HSIOMIET0 BELIECTBA B €0 (PUIBTPYIOLIEH Cpeabl OT IIyOHHBI
cnost. CornmacHo MOAENH, B (GUIbTPYIOIIEH cpefe MPUCYTCTBYET JIMIIb MEXaHH3M
3aJiep )KUBaHMsI YaCTHI] 3arps3HEHHsI Ha TIOBEPXHOCTH KOHTAaKTHOW 3arpysku. Ko-
s uuneHT GuIbTpanuy, BKIIOUYEHHBIH B MOJEINb, 3aBUCUT OT yCIOBUHN MpOTEKa-
HUSl TporieccoB ¢uinbTpanmu. OH OCTaeTcs SMIUPHYECKUM M HE MOXKET OBITh
ompeJelieH MMyTeM MaTeMaTHIeCKOro MOJCITUPOBaHUS.

[IpoBeneHuble uccienoBanus [2, 3] m0Ka3pIBaOT, Y4TO MOMHMO IPOLECCOB
OCaXKIICHHS 3arps3HSIONIETO BEeUIeCTBa B (DMIIBTPYIOIIEM CIIOE UMEIOT MECTO OBIThH
IpoIecchl BTOPUYHOTO YHOCA OCEBILETO 3arps3HuTels. BrmepBwle Takoil moxxon
ob11 pepioxked J.M. Munnem. B ero momens BBeneHBI KOO PHUIIMEHTHI, YIUTHI-
BaIOII[€ MHTEHCUBHOCTH BTOPUYHOTO YHOCA M OCAXKJIEHHE 0Ca/iKa B 3JIEMEHTapHOM
CJI0€, KOTOpBIE 3aBUCST OT CBOWCTB OCajKa, CBOMCTB B3BECTH M pa3Mepa 3epeH 3a-
rpy3ku [4]. Ha ocnoBannu monenu J[.M. Munna E.B. BeHuiimanoB mnpeaioxui
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CBOIO MOJIeIb (PMIIBTPAIMH, OCHOBAaHHYIO Ha Pe3yJIbTaTax MUCCICIOBAHUS CTPYKTY-
pbI MOTOKA B r00ysipHOM cioe [5]. Cuctema ypaBHeHHH BKiIOYaeT Kod(duim-
CHTBI, 3aBUCALINE OT XapaKTepa 3arpsA3HUTENIs, 0Ca/lKa U 3arpy3KH, U OIPeeNsio-
HIMecs B MPEABAPUTEIBHBIX IKCIEPUMEHTaX. MOJIEb MOKET ObITh MCIOJIb30BaHA
JUIsl pacdeTa IPOIECCOB KOHTAKTHOM KOAryJSALHMH, NMPU TOM HHTEHCH(UKALUSI
IPOLIECCOB yJIAaBIMBAaHHUS B3BECH B 3arpy3Ke 3aKJIaJ(bIBACTCS B IMIIMPUYECKHX KO-
a¢duuenTax Macconeperoca. OmHaKo JII000€ U3MEHEHHE YCJIOBUN MPOBEICHUS
nporecca OYUCTKU OyneT TpeOoBaTh MPOBEACHHS JOTOIHUTEIBHON CepUH DKCIIe-
pPUMEHTOB. JTO TpeOyeT COBEPIICHCTBOBAHUS MOJICNIM U OTIEIHLHOTO yueTa Koary-
JSILMOHHBIX MPOLIECCOB B CHCTEME ypaBHEHHH.

3akaouenne. [loctenieHHOE COBEpIIEHCTBOBAHHE 0a30BBIX MOJENEH IO3BO-
JSI€T CHHU3HMTh KOJIMYECTBO MAapaMeTpPOB, OINPEICISIEMbIX 3KCIIEPUMEHTAIBHO.
B 4YacTHOCTH, COBEpILICHCTBOBaHWE CYIIECTBYIOLIMX Mojejel pacuera (uibTpa-
[MUOHHOTO OCBETJICHUS MOXKET IMO3BOJIUTh y4YeCTh Hamuuue dPQeKTa Koarysiuu
B CJIO€ 3arpy3KH, U Kak CJIeJICTBUE, MIO3BOJUT MPOBOJIUTH pacyeT armnaparon, pado-
TalOIIMX Ha OCHOBE NMPHHIIMIIA KOHTAKTHOW KOAryJIsIIUH.

CnuUcoK UCTOUYHUKOB
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Annomayusn. Ilpeocmasnsiem 00HONONYAAYUOHHBIE OUOUHCHUPUPOBAHHBIE AN2OPUTNMbL
0e3yci06HOU U YCI08HOU onmumusayuu. B xauecmee xiaccugpukayuonnvix npusHarKos ai-
20pUMMO8 UCNONb3YEM: OOHOPOOHOCHb Nonyasyuu (20MO2eHHbIe U 2emepoceHHble aN20-
PUMMBL); YUCTIO DB0NIOYUOHHBIX ONEPAMOPO8 U NPABUIA UX NPUMEHEHUs; CIMAYUOHAPHOCIb
U OUHAMUYHOCIL ONepamopHoll cmpykmypul. Paznuuaem oono- u mmoeococmasnuie
onepamopul, onepamopvl nocmosHHou (CmayuoHapHvle onepamopwvl) Iubo nepemenHou
cmpykmypul (npoepammuo- u adanmueHO-OUHAMUYECKUe ONepamopbl), NapamempuiecKu
cmayuoHapHvle b0 NPOSPaAMMHO- UNUIU AOANMUBHO-OUHAMUYECKUE ONEPAmOopbl.

Knwuesnbie cnosa. 2nobanvras ONnMmMuMuU3ayusl, nonyJiAYUOHHblIE AIcOPUNMMbL, 6u0uchupu—
POBAHHbIE A/ICOPUMMBL, I601IOYUOHHbIE Onepaniopsvl

BBenenne. 3HaunuTEIHHOE YUCIO OMOMHCIIUPUPOBAHHBIX AITOPUTMOB TII00AIBHOI
ontumusanuu (BU-airopuTMoB) mpeacTaBieHo, HapuMmep, B [1] a taxke B Haiei
moHorpaduu [2]. [Ipeacrapnsiem ananuTudeckuit 0030p BU-anropuTMoB, KOTOpbIE
HE HAIUIW MECTO B YKa3aHHBIX IMyOJIMKanusax. Bce mpeacraBieHHBIE aIrOpPHTMBI,
KaK MpaBHJIO, MMEIOT, MHOTA 3HAUYUTEIbHOE, YhCI0 Moauukanuii. PaccmarpuBa-
€M TOJbKO 0Oa30BbIe anroputMmbl. Vcmonb3yem OXHOTHITHBIE OOO3HAuUCHHMS, Kak
MIPaBHJIO, OTJIMYHbBIE OT 0003HAUYCHNH B MCXOAHBIX IMyOMuKanusx. [y koMnakTHO-
CTH H3JI0KEHHsI OIyCKaeM eCTeCTBEHHO-HAYYHbIC MPEANOCHUIKA aJrOPUTMOB,
a TaKKe COJePIKATEIbHYI0 HHTEPIPETALUIO X CYIIHOCTEH.

Marepuajibl 1 MeTObI; Pe3yJabTaThl. PaccMaTtpuBaeM JeTCPMHUHUPOBAHHBIC
3a/1a4u 6e3VCI06HOU ONMUMU3AYUYU U YCI08HOU onmumu3sayuu. BU-anroputMsl on-
THMH3ALAN MOTYT Pa3iIMdaThesl MPABIIAMHI WHHUITHAIN3ALMIO MOMYJISINH, a TAKKe
YCJIOBUSIMU 3aBEpIICHUS MTEpPAlMd M METOJaMH yd4era orpaHuucHuid (B 3amaue
YCIIOBHOU onTuMu3aiuu). OrpaHHYrBaeMCsl pACCMOTPEHHEM O0COOCHHOCTEH IBOITIO-
[IMOHHBIX ONEPATOPOB ATUX AITOPUTMOB. [Ipearaem cieayromme OCHOBHBIC Kiiac-
cu(MKAMOHHbIC MPU3HAaKU BU-anropuTMoB: 4mcio momyssinuid (OZHO W MHOTO-
HOMYJISIIMOHHBIC AITOPUTMBIL); OJHOPOJHOCTh (TOMOTCHHBIE M TE€TEPOTreHHBIE ajro-
PUTMBI); YHCIIO BOJIOLMOHHBIX ONMEPATOPOB U MPaBUIIA UX MPUMEHECHUSI; TIOCTOSH-
CTBO OIEPATOPHO# CTPYKTYpbl (CTallMOHApHAs, HPOrPAMMHO- WIIM aJalTHBHO-
JquHamMugeckast) [2].

IIpencrasnsem cienyromue bH-anroputmsl.

T'omocennvie 00HO-OnEepamopHvie anreopummbsl:. ONTUMHU3ALUOHHBIA allTOPUTM
cepsix BoakoB (Gray Wolf Optimizer, GWO); poeBbIit ONTHMHU3AIIHOHHBIN alro-
put™ KeHrypy kBokka (Quokka Swarm Optimization, QSO) u npyrue.
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T'omocennvie 08yx-onepamopHvie anicopummbl. ONTHMHU3ALHOHHBIA alrOPHTM
6abouek (Butterfly optimization algorithm, BOA); onTUMU3alMOHHbIH aIrOPUTM
yepubix BaoB (Black Widow Optimization, BWO); uHTeIeKTyalbHBINA MOHCKO-
BoIi anroput™ meay3 (Artificial JellyFish Search Algorithm, AJFA) m npyrue.

Tomocennvie mpex- u 6onee onepamopmvle aiopummsl. ONTUMH3AHOHHBINA
anroputm pakoB (Crayfish Optimization Algorithm, COA); onTuMu3anuoOHHbIH
QITOPUTM HaryiuBaHusi skupa Mensenem rpusnu (Grizzly Bear Fat Increase
Optimizer, GBFO); onrtuMu3auuoHHblii anroputm ko3 (Goat Optimization
Algorithm, GOA) u npyrue.

T'emepocennvie (munusuposanuvle) aneopummsl. ONTHMHU3ALUOHHBIA airo-
putM ctau kyp (Chicken Swarm Optimization, CSO); onTHMH3aIMOHHBIH anro-
putM HaBo3HOTO xyka (Dung Beetle Optimization, DBO); ontumu3aiioHHbIi ai-
ropuTM maykoo0pasueix 06e3nsa (Spider Monkey Optimization Algorithm, SMO);
MOMCKOBBIH anroput™ BopoObeB (Sparrow Search Algorithm, SSA).

3akaouenne. PaccmatpuBaeMblii B paboTe 3Tl IBONIOLHMU MOMYJISIUN PH-
3BaH obecrevynTh OanaHc MexIy auBepcudukaiueil moucka (LIMPOKUM HCCIEHO0-
BaHMEM 00JacTH moucka (pa3Be/Koii)) U MHTEeHCHU(HKaIKeH nmorcka (TOYHOi Jo-
KaJu3alyeil MCKOMOTo JKCTpeMyMa LelnieBoil ¢yHkuuu (9Kcruryaranuei)) [2].
DBOJIONMOHHEIN omepatop bH-anropuTMa MOXKET «OTBEUaTh» TOJIBKO 3a JHBEP-
cu(UKaIMIO MOUCKA, 338 ero MHTCHCH(HUKAIMIO, a TakkKe 0aJaHCHPOBATh CTAIHO-
HAPHO WITM JMHAMHUYECKHU 3TH CBOICTBA anroputMa. Eciu JaHHBINH onepaTop auro-
puTMa 00Ja]aeT NPEUMYIIECTBEHHO THBEPCUPHUKAIMOHHBIMU CBONCTBAMHU, TO €TI0
npuMeHeHue oOpasyer (asy «pasBeaka», eciid 00eCIeUHnBAIOT MPEHMYIIECTBEH-
HYI0 MHTCHCU(PHUKANUIO MONCKa — a3y <«OKcIuTyaranus». B pabore oCHOBHOE
BHHMAaHUE y/ICICHO MMEHHO 3THM actiekram bU-airopTutMos.

CrucoK UCTOYHUKOB

[1] Xing B., Gao W.-J. Innovative Computational Intelligence: A Rough Guide to 134 Clever Algo-
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MHOroo6beKTHOe MHOFrOKpUTEepUanbHOEe MHOFOJINYHOCTHOE
AaBTOMaTU3NpPOBaHHOe npoeKkTuposaHue (3M CAD)

KapneHko AHaTtonuii MaBnoBuy apkarpenko@mail.ru
SPIN-kof: 3524-2924

MITY um. H.3. baymaHa, Mockea, Poccus

Annomayusn. Paccmampueaem npoyecc asmomamuzuposanio20 npoeKmupo8anust CLodic-
HbIX (MHO2000DEKMHBIX) MEXHUYECKUX CUCHEM, KO20d NPOEeKMUPOSAHUE DPA3HbIX NOOCU-
cmem OCywjeCcmensiiom pastble NPoeKmHuble KOMeKmuebl (MHO20AUYHOCIMHOE NPOEKmMupo-
6anue). 3adauwa NPOeKMUPOSAHUST AGNSAEMC MHOLOKpUmMepuanvbhol. Pewenus 3adauu
npoekmuposanust omvickusaem Ha muoxcecmse Iapemo smotil 3a0auu. C opyeoti cmopo-
Hbl, NOAA2AeM, YMO UCKOMOEe peuieHue O0aXNCHO Obimb yemotuusbim (cmabunvbhvim) 6
cmvicae yemouuusocmu no Howy. Obcyscoaem npobremvl, KOmopvle 803HUKAIOM RPU pe-
wenuu 3a0ayu 3-M asmomMamusuposano20 NPOEKMUPOSArUss U NPU NOCMPOEHUU CUCTe-
mut 3M CAD.

Knroueswie cnosa. asmomamu3suposarHnoe npoexkmupoeanue, MHO20-00beKmHuble mex-
HU4YecKue cucmemuvl, MHO2OKpumepuailbHoe npoeKkmuposearnue, cpynnoeoe npoeKkmupo-
sanue

Beenenne. CoBpeMEeHHbIE BBICOKOTEXHOJIOTHUYECKHME H3JIENUS TPEJICTABISIOT CO-
001 COBOKYITHOCTH OOJIBILIOIO YHCIIa TECHO HHTETPUPOBAHHBIX MOJCHCTEM, TO €CTh
B TEPMHUHAX TCOPUH YIIPABICHHS SBISIOTCS MHOTOOOBEKTHBIMH cHcTeMamH. [Ipo-
EKTUPOBAHUE PA3JIMYHBIX TOJCUCTEM TaKUX W3ICIHA TPOM3BOAMTCS Pa3HBIMH
KOMITaHUSIMHA H/WITH Pa3HBIMU IMOAPA3JCICHUAMHA OAHON KoMmaHuu. [Ipu 3TOM
HEN30€XKHO MCHONB3YIOTCS PA3IMYHBIE KPUTEPUH ONTUMAIBHOCTH, TaK 4TO 3agada
NPOEKTHPOBAHUS OKa3bIBaeTcss MHOrokpurepuaibHoir (MKO 3amaueit). Jlun, npu-
Humaromux peuieHust (JITIP) OTHOCHTENPHO KaXIO# W3 yKa3aHHBIX IMOJCHCTEM,
Ha3bplBacM TJIABHBIMH KOHCTpPYKTOpamu. [IpoTHBOpeYHs MeXAy TIJIaBHBIMH KOH-
CTPYKTOpamH, 0OyCIIOBJICHHBIE MPOTHBOPEUUBOCTHIO MX KPUTEPUEB ONTUMAILHO-
CTH, YCTPAHSIOTCS C TMOMOIIBI0 TeHEPaTbHOrO KOHCTpyKTOpa. Takum o0pa3zom,
C TOYKH 3pEHHS TEOPHH MPUHATHA PELICHUH paccMaTpuBaeMas 3aJada IpOeKTUpPO-
BaHUs SIBISIETCS 3a7aueii TpynmnoBoro (MHOTOJIMYHOCTHOTO) HPHHSTHUS PEIICHHM.
3M-aBromaTH3upoBaHHbIM TpoekTHpoBanueM (3M-CAD) Ha3biBaeM MHOTOKPHTE-
pHaIbHOE MHOTOJIMYHOCTHOE POEKTHPOBAHUE MHOTOOOBEKTHBIX CHCTEM.

ITo oOumum npaBwiamu perienns MKO 3amay, pemenue 3amaun 3M-CAD
ClelyeT McKaTh Ha MHOXecTBe IlapeTo STOHM 3ajgauu, TO €CTh HCIOJIb30BAThH -
¢exruBHbIe pemenus [1]. C apyroii CTOPOHBI, HOCKOIBKY peub HACT O TPYNIOBOM
NPUHATHHA PEIICHUH, MCKOMOE PEIICHUE MOJDKHO ObITh yCTOWYMBBIM (CTaOMIIb-
HBIM), HampuMep, B cMbicie ycrodunBocTH 1o Homy [1]. Takum oGpaszom, kak
u B pabore [1], paccmarpuBaem cTabuibHO-3(QdeKTHBHBIC pemeHus 3aaaun 3M-
CAD. AmnmapaTHO-pOrpaMMHYIO CHUCTEMY, KOTOpas MOJJICPKUBAET peIlecHHE
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3amaun 3M-CAD, naseiBaem 3M-CAIIP u uwHTEpmpeTHpyeM Kak CHCTEMY MO/I-
nepokku npusstus petnenuii (CIITIP).
MeToabl 1 MaTepHaJIbl; pe3yabTaTsl. [[poekTupyemMas cuctema S sBIsieTCs

CTPYKTYPHO CJIOKHOH CHCTEMOW M COCTOUT M3 |S| CHIIBHO CBSI3aHHBIX JUHAMMYE-
ckux moacucrem {S} ={S,i €[1: |q]}, KaK/as U3 KOTOPBIX DBOIOLUOHUPYET BO

BpemenH t B cootBetcTBHM ¢ ypaBHerueM X (t) =T, (R, X (ty)), t €[ty; t.], e

Xi — |Xi|-MepHLH71 BEKTOp (ha30BBIX NMEPEMEHHBIX moacucremsl S ; T, — ee
9BOJIIOLMOHHBIH onepatop (00b4HO, nuddepeHnnanbubii); P — |Pi|-MepHLH71
BEKTOp CBOOOIHBIX (BaphHpyembix) mapamerpoB; I =0,1 2,... — Homep mara

npuHsTUs pemennii. Tekyliee MHOXECTBO JOIMYCTHMBIX 3HaueHHii Bektopa P
o6o3Hauaem D) .

D¢ dekTHBHOCTS (YHKIIMOHUPOBAHHUS IOJACHCTEMBI S ompenessieT |Fi|-
MEpHBIl BEeKTOpHBII kpurepuii ontumaibHocTd F (X, R), rae B obumem ciyyae

X= (X, Xyyens X\ﬂ)- Kpurepuit ontumansHoct  F (X, R) crpemutcs, mis
onpeeneHHocTH, MUHUMEI3KUpoBaTh JITIP; (i-it TaBHBINA KOHCTPYKTOD), BApbUPYs

TOJIBKO «CBOM» CBOOOHBIE TapameTpsl P

F(X",P")— rrnirjr, [ e[l:H]. )

@ynkius rerepanbHOro koHcTpykropa JIIIP, cocrout B ympaBieHHH OTHO-
CHTEJbHBIM BECOM CBOWCTB CTAOMIIBHOCTH U 3()(HEKTUBHOCTH PEIICHUI, Hail/eH-
HBIX TJ1aBHBIMU KoHcTpykTopamu {JIIIP;}, myTem cykeHus o0nacT# KOMIIPOMHC-
coB (mHOXecTBa [TapeTo).

B maremarmueckom riane B3ammopeiicteue {JIIIP;} B mpomecce pemienus
3agaun (1) Ha mare I IPUHATHAS PENIEHUI MPEACTABISACT OO0 OECKOATHUIINOHHYTO
Urpy BHIa

I = ({JIP},{D}{F (X", R} i el1:[5]), 2

rue JIIIP, — i-it urpok; D] — ero nomycrumas crparerus; F (Xr_l,Pir) — Bek-
TOp BBIMIPHIMIEHi 3TOro Mrpoka B MrpoBoil curyarmm P’ €D, Bosmukureit

B pe3ynbTaTe BHIGOpA BCeMH UIpoKaMu cBoux crpateruit { P’} ma (r —1)-m ma-
re MPUHSTHS PEIICHHH.

B tepmunax urpsr (2) crparernst P' urpoka JIIIP; seisiercst (iokansHo) [ape-
TO-ONTUMAJIBHOM, €CJHM Jyist JIFOOOr0 M3 YaCTHBIX KPUTEPHEB ONTHMAIbHOCTH

f

v 6[1|E|] 9TOro Mrpoka crpasesmeo coorHomenne f (X 71,_|?')Sfi'j X1,P),
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] e[l:|Fi|], P" # P". ®opmaibHo Habop cTpateruii =4 ={F~{r} c1abo paBHOBECEH
o Horry, eciu a1 KaXIoro U3 UIPOKOB {HHPi} W JUIA KaXKIOTr0 U3 €ro 4aCTHBIX

kpurepues ontumansHoctn { f; i (P)} mmeer mecto HepaBeHCTBO (LIS MPOCTOTHI

3aIMCH OITyIIEH BEKTOp (a30BIX epeMeHHbIX X' )
fi | (R, B,...P" .., F]’é);> fi | (PP ,.P .., F]’é)+APi'j,
i e[1:[s]], J[L:|F[L

rae {AR;} — omnpenensiemas JIIIP, COBOKYIHOCTb KOHCTAaHT, KOTOPBIE TAaKkKe

MOT'YT HCIIOJIB30BAaThCA HHPO AJIA yOpaBJIICHUZ OTHOCUTCIIBHBIM BECOM CBOICTB

cTaOUIBHOCTH 1 3P HEKTUBHOCTH HAWIECHHBIX PEIICHUH.

3akaouenne. OcHOBHAs HaydHas MpoOiieMa, penieHre KOTOpoil Heo0X0auMO
st cozpanus 3M-CAIIP, coctouT B pazpaboTke u ncciiefoBannu 3P PeKTHBHOCTH
METO/IOB T'PYNIIOBOIO NPHUHATUS MHOTOKPHUTEPHAIBHBIX PEIICHUH Ha OCHOBE all-
nNpoKCcUMaIii MHOXecTBa [lapeTo u MHOXeCTBa Touek paBHoBecus 1o Hamry [2].
Kpome toro, HeoOxomuma pa3paboTKa CTPYKTYphl NMPOIPAaMMHOH CHCTEMBI MOJ-
JICP’KKHU TPYTIIOBOTO MPUHATHUS pemeHui mpu 3M-aBTOMAaTH3UPOBAaHHOM IIPOCKTH-
POBAHUU CIIOXKHBIX TEXHUYECKUX CHUCTEM, peanu3alys IpOoTOTHIA YKa3aHHON Mpo-
IPaMMHOM CHCTEMBI, HCCileoBaHUE 3 (HEKTUBHOCTU MIPUHATHIX aTOPUTMUYECKUX
Y IPOrPaMMHBIX PELICHUH.

CruUCcoK UCTOYHUKOB
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Y[IK 536.24

NccnepoBaHue KUNeHUs BoAabl
Ha MUKPOCTPYKTYPUPOBAHHbIX MOBEPXHOCTAX

Kacbkos Cepreit Mocucposuy'” kaskovsi@bmstu.ru
SPIN-Kopa: 4429-6241

MITY um. H.3. baymaxa, Mocksa, Poccusa

Annomayusn. I[Ipedcmasnenvi pe3yiomamvl 3KCHEPUMEHMATBHOLO UCCIEO06AHUS U Meo-
pemuuecko2o 0000uieHUsi npoyecca KUneHus 800bl 8 YCI08UiX C80D0OHOU KOH8EeKYUU Npu
ammocghepHom 0agieHuu HA 20PUSOHMATLHLIX NIOCKUX MEMALIUYecKUX NOBEPXHOCMAX
MUKPOCMPYKIMYPA penbeha KOMopbix NOay4eHa 0eqhopmMupyrouum pe3anuem u npeocmas-
nsem cobotl NONY3aKpbimbvle KAHAbL C ONPeeNsIoOWUMU PA3MEPAMU 2e0MEMPUIecKUx na-
pamempos om 5 mxm 0o 300 mxm 6 duanasone usmeHeHus NAOMHOCHU MENI08020 NOMOKA
om 2400 Bmim? 0o 3,5-10° Bmin®. Ionyuena obobuwaiowas 3asucumocms Ons OyeHKu Ko-
aghpuyuenma menroomoauu.

Kniouesvte cnoea: cmpykmypupoeannas nogepxHoOCHb, Ny3bIPbKo8oe KuneHue, oeqhopmu-
DpyIowee pesanue, UHMeHCUQUKayus menjioooMeHa, Kodgduyuenm menioomoaiu

Beenenne. PocT MOIIHOCTH TEMIOTEXHOJOTHMYECKOTO OOOpPYIOBAaHUS U TEIIO-
SHEPrOyCTaHOBOK, YBEJIMYEHUE TEIUIOBBIAEICHUS MHKPOIIPOLECCOPHON TEXHUKH,
JTANbHeIee pa3BUTHE KOMIIOHEHTOB CHCTEM C BBICOKOMHTEHCUBHBIMHU TETIOBBIMU
notokamu [1] o0ycraBaMBaeT COBEPIICHCTBOBAHNE U PA3BUTHE CUCTEM OXJIKICHHUS,
B KOTOPOM MAarucTpajbHOE HalpaBieHHE OTIAAETCS MCIOJIb30BAHUIO KHUAKOCTHBIX
CHCTEM C M3MEHEHHEM arperaTHoro COCTOSHHS TETUIOHOCUTENIEH, I/ie, B YaCTHOCTH,
pean3yeTcs My3bIPbKOBBIA PeXXUM KHIeHUs padoueit xuakoctu [2, 3]. Hecmotpst
Ha TO YTO JTAHHBIA PEKUM OTIMYACTCS BHICOKMM 3HaYCHHUEM KOA(P(HUIMEHTOB Tell-
JI0OT/AA4H, TeXHUYECKHUE TPEOOBaHMS, TAKUE KaK, CHIKEHHE MaccoradapuTHBIX Xa-
PaKTEPUCTHUK, YIyYIIeHNEe yCIOBUI OXJIAXKICHNUS W TEPMOCTAaTHPOBAHMS ONPEIEs-
0T HEOOXOJMMOCTh MHTEHCH(DUKAIIUK TEIIO0OMEHa Npu KulieHuu. JlaHHas 3ajadya
pewaerca MoauQUKael MOBEPXHOCTH KUIEHHS C LIENbI0, KaK YBEJIHMYCHHUS IUIO-
] TTOBEPXHOCTH, TaK M CO3/IaHUs ompenaeneHHoro penbeda. s storo O mc-
T0JIb30BaH, pa3zpadoranusiii B MI'TY um. H.3. baymana, meton nedopmupyroriero
pe3anus [4, 5).

MeTtoasl U1 MaTepuajbl, pe3yabTaThl. [ McciemoBaHUS TpoIecca Kure-
HUS B YCJIOBHSX CBOOOJHON KOHBEKIIMH NpH aTMOC(hepHOM NaBleHWH OBIIO W3-
TOTOBJIEHO 6 006pa3IoB ¢ peabedoM B BHJE MOMY3aKpPHITHIX kaHaioB [6]. Cxema
CTPYKTYpPHI peiibeda MOBEPXHOCTH KHUIIEHUS! ¥ BHEIIHUN BUJ MOMEPEYHOTO MLIH-
(ha mpencTaBIeHBl HA PUCYHKE. DKCIIEPUMEHTANbHBIE UCCIEIOBAHMS BBITIOTHEHBI
Ha paHee U3TOTOBJICHHOH ycTaHOBKE [ 7] 1 pa3paboTaHHON METOUKE MTPOBEICHHS
WCTIBITAHUM.
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a 6

Cxema penbedha (a) u nonepeyHbii Wnd (6) MUKPOCTPYKTYPUPOBAHHOM NOBEPXHOCTU:

8 — TONLMHA 3NEMEHTOB, A — 3330p MeXAy 3NeMeHTamu penbeqaa B UX OCHOBaHWW, h — BbiCOTa 3fieMeHTa penbedaa,
6 — yron HaK/JI0Ha 3N1eMeHTOB, k— 3a30p MeXAy anieMeHTaMun penbeq)a Ha BbIXxoAe 13 NoANOBEPXHOCTHONO KaHana

3akaouenne. YBennuenne Ko3(pQumneHTa TETIOOTAaYd MUKPOCTPYKTYpPH-

pOBaHHOﬁ IMMOBCPXHOCTHU C peJ'ILC(l)OM B BHU/JIC MOANOBCPXHOCTHBIX IMOJY3aKPBITBIX
KaHaJI0B COCTaBHJIO 2,9 pasa 1o CpaBHEHHIO C FJ'IaI[KOﬁ TTOBEPXHOCTBIO.

Hccneoosanue vinonneno 6 pamkax npoexma Munobpuayku P®
Ne FSFN-2024-0022.
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Annomayusn. Konyenyus b.H. Yeoneea 06 «ymnoti» opesecune 00NoIHAEMCs CAMOOP2aHU-
3ayuell Ha CMEHKAX KAnuilispo8 Cloe8 U3 MOLEKYl 600bl, OPUCHMUPOBAHHBIX CEA3AMU C
yenmonosou. Cynepnozuyusi ux OUNOIbHLIX MOMEHIMOE VYEEIUYUBAEN Nbe30INEKMPUYECKie
MOOYIU KANUILIAPOS, YCUIUBAS INEKMPOMEXAHUYECKYIO c6513b. OHa Oaem 6K1a0 6 3 ghexm
namsmu Gopmol u 8030yHcOeHUE INEKMPOMEXAHUYECKUX BOJIH, ONPEOCSIIOWUX OOCMABKY
NUMAMenbHbIX 8eWeCms, CEHCOPHLIX U Ynpasisiowux cuenanos. Ilpu nepepabomke Ope-
BECHBIX OMX0008 INEKMPOMEXAHUUECKUMU PAKMOpamMu 00beOUHSIIOMCS YIMUIU3AYUst -
X0008 C IKOIOSUUHBIMU NPOU3B00CHEAMU YELTIOI03bl U 6000P00d.

Kniouegvie cnoea. spgpexm namamu opmol, nve3091eKmpuyecmso, 6000poOHbie CA3U,
INEKMPOMEXAHUYECKUE BOIHbL, YMUIUZAYUS OPEBECHBIX OMX0008, ATbINEPHAMUBHAS IHED-
2emuKa, noyYeHue Yewroa03sl U 6000p00ad 1eKmMpoaU3OM

BBenenne. b5.H. Yroses, pa3BuBas KOHLEMIHUIO JIPEBECHHBI KaK «yMHOT0» Mare-
puana [1], sspkoe mposiBiIeHHe KOTOPOit — 3B GeKT maMsaTu GOpMBbI, MOJUCPKUBAI
BOXHYIO pOJIb B €ro (OpMHpPOBAaHUM HW3MEHCHHUIl BIIQKHOCTH JpeBecuHbI [1].
B 2019 r. mbl npeanonoxkuiu [2], uTo QyHKIHOHAIbHBIC XapaKTePHCTHKH JpeBe-
cuHbI (IIEPEHOC MHUTATENILHBIX BEIIECTB, Ae(OpMALUK U Jp.) B 3HAYUTEIBHOU Mepe
OIIPEACIISAIOTCS TbE30IEKTPUUSCKUMH MPOLIECCAaMH B KalUIUIAPAX, PEryIupylo-
IMUMH AeOpPMaIMU U PACTIPOCTPAHCHUE IEKTPOMEXaHNIECKUX BOJIH. Pe3yabraThl
IKCIICPUMEHTOB O (POPMHUPOBAHUU OCOOO0H CTPYKTYPBI M3 HECKOJIIBKUX CIIOEB MOJIE-
KyJI BOJIBI Ha €€ TPaHMIax C TBEPJBIMH MaTepHalaMH JAI0T IOTOJHHUTEIBHEIEC ap-
TYMEHTHI B TIOJIb3y TaKoi dnekTpoMexanuku [3]. OpHEeHTAIOHHOE YIIOPSI0YCHUE
MOJICKYJT BOZABI ILEJUTFOJIO3HBIMH HUTSAMH KalWUIIPOB MHOTOKPATHO YCHIIMBACT
MBE302JIEKTPUYECTBO APEBECHHBI [4].

MeTtoapl B MaTepuaibl; pe3yabTaThl. [10 IPOCTBIM OlEHKaM 0cobasi CTPYK-
Typa U3 MOJIEKYJI BOJIbI, ODHEHTUPOBAHHBIX BOJIOPOIHBIMHU CBSI3SIMH C IIEIUTIOIO3HBI-
MH BOJIOKHAMH KAITWULSIPHBIX CTEHOK, HE TOJBKO YCHJIMBACT MbE30IJICKTPUUCCKUEC
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K03(UINEHTH MEXIY JICKTPUICCKUMU MOJSIMU U AehOpPMALMAMH, HO U 3aMETHO
TIOBBIMIAET YIPYTHe MOIYJIH 3THUX KOMIO3UIUH. DTO 3aMETHO YCKOpSIET CEHCOpPHbBIE
W YNPaBIAIOLIME CUTHAIBI PACTEHHH, a TakXKe MOBhIIAaeT 3(p)EeKTHBHOCTH MepeHoca
MUTATENFHBIX BEIIECTB. 3a CUET B3aMMOCBSI3H 3TUX SIBICHUN (pOopMUpyeTCss HE TOb-
K0 3¢ ekt mamaTu GopMbl, HO U MHOKECTBO IPYTHMX CBOMCTB, IPHCYLIMX ApEBE-
CHHE KaK «yMHOMY>» MaTe€pHaly. CIOCOOHOCTh BBIICP)KHUBATh CHIIBHBIE W MHOTO-
KpaTtHble Aedopmaliiii, OBICTPO BOCCTAHABIMBATHCS MOCTIE CEPhE3HBIX MOBPEKICHHUI
nepepacipeieIeHUEM MUTATENbHbBIX BEecTB U T. A. C Apyroi CTOPOHBI, 3JIEKTPO-
MEXaHMYECKHE CBOWCTBA «yMHOW» JPEBECHHBI, B 3HAUMTEIHHON Mepe oOecreynBa-
IOLI1E YHUKATIBHYIO KU3HECTOMKOCTD APEBECHBIX HACAKIEHUH, CO3JaI0T CEPbE3HYI0
0a3y 17151 pa3paboTOK HOBBIX 3()(PEKTUBHBIX U 3KOJIOTMYHBIX MATEPUAJIOB U TEXHOJIO-
ruid. Hanmpumep, 31eKTpOIN30M U3METbYEHHBIX JPEBECHBIX OTXOJI0B 00ECIeunBaeT-
Cs1 OKOJIOTUYHASA M 3KOHOMHMYHAS ACTMIHU(BHKALMS LEIUTI0NIO3b], TOTPEOHOCTh B KO-
TOpoi ObICTpPO BO3pacTaeT. M1 B 3TOM K€ TpoIecce CO 3HAYMTEIHHON ISKOHOMHEH
3JIEKTPO3HEPTHH HE TOJIBKO 00pa3yeTrcsi BOJOPOJ, OCTPO HEOOXOAUMBIN ISl alnbTep-
HaTHBHOW 3HEPreTHKH, HO U CO3JAIOTCA MEXaHMYECKH U XMMHYECKH MPOYHBIE Kall-
CYJIBI 711 5KOHOMHYHOTO ¥ TEXHOJIOTHYHOT'O aKKyMYyJHPOBaHMUSA U XpaHEHHs 3TOr0
BoJI0poa [5].

3akmouenue. OOpa3oBaHNe HA CTEHKAX PACTUTEIBHBIX KAMIISIPOB CIIOEB U3
OPUEHTHPOBAHHBIX MOJEKYJ BOJBl YCHJIMBAET 3JIEKTPOMEXAaHHMUECKHE CBS3U Jie-
dopmanuii ¢ INEKTPUIECKUM MOJSIMH. DTHM 00ECIEeUnBAETCs CyIIECTBEHHOE BIIH-
STHHE BIIAKHOCTH Ha MPeoOpa3oBaHMs CTPYKTYPHI B (POPMBI IPEBECHHBI.
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Annomayus. I[Iposedenvi dKcnepumenmanvhvle UCCIe008aAHUA GIUAHUA YACMOMbL 8palye-
Hust pomopoe HBB na memnepamypy omxauugaemozo 2aza Ha gvixode us Hacoca. Paspa-
boman u U320MOGIEeH IKCNEPUMEHMATbHYIL cmeHO. [lepeuucieno 0bopydosanue u onucana
MemooOuKa nposedeHus: IKChepumMeHma. B xode sxcnepumenma noiyueHo noomeepicoeHue
CYWeCBEHH020 IUAHUA PADOMbl NEPEnyCKHbIX KIANAHO8 HA MeMnepamypy 2a3a u no-
mpebnaemyr HacOCOM MOUWHOCTYb.

Kniouesvie cnosa. sunmogoul 8axKyyMHulll HACOC, NEPENYCKHOU KAANAH, UHMOBOU pomop,
nepexcamue 2asa.

BBenenne. Bunroseie BakyyMmHbie Hacockl (HBB) sIBIsOTCS KITFOUEBBIM THIIOM
HAcOCOB BO MHOTMX NPOMBILIUICHHBIX INpoleccax, rnue Tpedyercss co3gaHue W MOJ-
JiepKaHUe HU3KOTO M CPETHEro 0e3MacistHOro «cyxoro» Bakyyma [1]. x addexrus-
HOCTb U HaJIEKHOCTb BO MHOI'OM ONPEAEIAIOTCS YCIOBUAMH IKCIUTyaTalluH, HalpH-
Mep: poJi OTKa4MBaeMOro ras3a, ero TeMIeparypa, MPOAOJDKUTEIFHOCTh paboThl Ha
KaKOM-TO KOHKPETHOM BXOJHOM JaBJICHMH, KAaueCTBO OXJIAXKIECHUS Hacoca U T. .
Kaxplil 13 nepedncIeHHBIX TapaMeTPOB HKCILTYyaTallil HEU3MEHHO OKa3bIBAET BIIM-
sSHUE Ha TeMIlepaTypy OTKauMBaeMoro rasa Ha BbIXoje U3 Hacoca. Kpome Toro, 3xc-
MIEPUMEHTATIBHBIE 3aBHUCUMOCTH TEMIIEpATypbl OTKauMBAEMOTO Ta3a OT pa3IM4HBIX
rapamMeTpoB HEOOXOAUMBI [T YTOYHEHHS W TIOBBIIIEHUS TOYHOCTH PacyeTOB HOBBIX
HBB B MaTeMaTH4ecKUX MOJAEISIX B KAUECTBE IPAHUYHBIX YCIIOBHIA.

Metoasl M MaTepHaJibl, pe3yabTaTbl. OCHOBHOH HarpeB raza NpOUCTEKAECT
M3-32 €r0 CKATHUs MPH MPOXOKICHUU Yepe3 MPOTOUHYI0 YacTh npu padore HBB.
CrnenoBaTenpHO, MPU OTKAuKe raza ONpPEEIEHHOTO POAa U COCTaBa, IpU YCIOBUH,
YTO TEMIIepaTypa 3TOTO raza Ha BXOJIE B HACOC MOCTOSIHHA WM ee KoJjeOaHus He-
3HAYUTENbHBI, HauOobllee BIMIHNE HAa WHTEHCHUBHOCTh HarpeBa ra3a OKa3bIBaeT
4acTOTa BPALEHMsI POTOPOB, TaK KaK OHA OMNpEIENsieT KOJIWYECTBO MOPLUM rasa,
MPOXOJSIIMX YEPE3 MPOTOUYHYIO YAaCTh HACOCA B €JUHUILY BPEMEHH.

Konctpykuus HBB, kak nmpaBuiio, BKIOYaeT B ce0s1 OJTUH MM HECKOJIBKO Tie-
PENYCKHBIX KJIAaaHOB, KOTOPBIE B CBOIO OYEPE/b, UTPAIOT POJIb PETYJIATOPOB, 03~
BOJISISL TIPH Pa0OTe Ha BBICOKMX BXOJHBIX JABJICHUSAX IMEPENyCcKaTh ra3 U3 MpoTou-
HOM 4aCTH HampsMYIO Ha BBIXJION HAcOCa, TEM CaMbIM, HE JAOIMYyCKas WM CHHXKas
napasuTHOe MepexaTue ra3a u ero mneperpes [2].
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BakyyMHas cxeMa 3KCIIepUMEHTaJIBHOI'O CTE€H/1a IIpeicTaBieHa Ha puc. 1.

Ha puc. 2 npezacraBiieHa 3aBUCUMOCTb TEMIIEpATyphl ra3a Ha BBIXOJIE U3 HACO-
ca OT JaBJICHMSA HA BXOJE B HACOC XOPOIIO BHAHO JaBjieHue BcachiBamms (1-10°—
2.10° ITa), mpu KOTOPOM HAYMHACT OTKPBIBATHCS MEPENyCKHOMN KiiamaH. Yepes 3ToT
KJIallaH ra3 U3 MoJ0CTeN CHKaTHsl, MUHYS MOCITIEHNE «CTYIIEHW» IMPOTOYHOM YacTH,
MOCTYIAeT HANpsIMYIO B BBIXJIOIHOM MaTpyOOK, TEM CaMbIM CHIDKAETCs Harpyska
Ha HAcoOC IIPU BBICOKUX JaBJICHUSIX.

Puc. 1. BakyymHasa cxema cTeHpa:
CV1 — mn3meputenbHaa kamepa no FNOCT 32974.1-2016; NL1 — ucnbITyembln Hacoc
HBB, VM1-VM12 — knanaHbl BaKyyMHble C 3N1EKTPOMEXaHW4eCKUM MpPUBOLOM,
PT1..PT6 — BakyymmeTpbl memb6paHHo-emKkocTHble Inficon SKY CDG045D (BMW 1000
Torr, BN 10 Torr, BMW 0,1 Torr), GS1-GS3, GS6 — pacxogomepsbl ras3a tennosble EL-
FLOW, GS4 — cyeTunMk rasa poTaumoHHbii RABO G40 — V (0,6..3,25 MB/LI),
(3,25..65,0 MS/H); GS5 — cyeTunk rasa potaumoHHbii RABO G400 — VY (6,5...32,5) M3/l-l,
(32,5..650) MB/q; P1 — ManomeTp TM—510, T1 — TepmomeTp conpoTuBnennsa TC7T16A
C u3mepuTesiem Temnepatypbl Tepmopat-19E6-E; MR1 — meTaniopykas
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Puc. 2. 3aBMCMMOCTb TEMMEPATYpbl ra3a Ha BbIXJIONe U3 HAcoCa OT AaBfeHns Ha Bxoge B HBB
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3akaouenne. Yactora BpamieHus BUHTOBBIX POTOPOB, a Kak CJIEICTBUE —
KOJIMYECTBO MEPEMENIAEMOr0 HACOCOM B €IUHMIy BPEMEHHM T'a3a OKa3bIBAET Ips-
MO€ BIIMSIHUE Ha TEMIIepaTypy raza B BEIXOJHOM ceueHUH Hacoca. C MOBBILICHUEM
BXOJIHBIX JABJICHHHA TEMIIEpaTypa pacTeT MPH JIOOBIX YaCTOTax BPAIIECHUS POTO-
poB. OnHAaKO, MPU OTKPHITUU NEPEIMYyCKHBIX KJIalmaHOB, TEMIlepaTypa HayMHAET
CHIDKATHCS, CXOUT Ha HET sBJIeHHE Nepexarus. [lonydeHHble qaHHbIe 1eIecoo0-
pa3HO YYUTHIBATh IPU Pa3pabOTKe MaTeMaTHYeCKUX Mojelei pabotet HBB.
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Annomayusn. Paccmompenvl pynoamenmanvhvie 2eomempudeckue Gopmvl iHCueoti npupo-
Obl, Hauboee s16HO HabvOaemvie y MUKpoopeanusmos. Ilpueeoena eunomesa o mooeno-
HOU, 9KCNEPUMEHMANLHOU (QYHKYUU MUKPOMUPA, 8 KOMOPOM JHCUBAsL NPUPOOd RPOEOOUm
UCHLIMAHUSL YCMPOUCME, CUCHEM U KOHCIPYKMUBHBIX NPUHYUNOS, KOMOPble 3ameM peaiil-
3YI0MCsL Ha ee 60ee 8bICOKUX CIMPYKMYPHbIX yposHsx. CpasHusaomces (hyHoaMeHmaibHvie
@opmbl, nomyuennvlie U3 UCCLEO08AHUL MUKDOOP2AHUIMOE HPU NOMOWU CKAHUPYIOWE20
INEKMPOHHO20 MUKPOCKONA U OCHOBHbLE (DYHKUUOHANILHO-KOHCIMPYKMUGHbLE (DOPMBL JiCU-
601 NPUPOOBL, BbIAGILEHHBLE MEMOOOM APXUMEKMYPHOU OUOHUKU.

Kniouesvie cnosa. pynoamenmanvivie 2eomempuieckue Gopmvl, 2eo0Mempust H#CUGOU npu-
POObL, OUOHUKA, APXUMEKMYPHASI OUOHUKA, MOOCTUPOBAHUE, I80IOYUSL POPM NPUPOOLL

Bgenenune. B xonre 1970-x TO/I0B CHIENMAIMCTAMH U3 OTJIENIA TOYBEHHBIX MUKPO-
opraum3moB Muctutyta mukpooduonornu AH CCCP Obutn npoBeieHbI 00IIUPHBIE
HCCIICIOBAHUS TI0YB C IIEJbIO BBIBICHUS B HUX MHKPOOPraHM3MOB €Ile HE H3-
BECTHBIX B TO Bpems Hayke. IlomydeHHBIE pe3yJbTaThl OKa3aJUCh BO MHOTOM
HEO)XKMJAHHBIMH M BBIBOISIIMMH Ha (yHIaMEHTaJbHBIC MPOOJIEMBI 3BOIIOLUH,
PasBUTHS M YCIIOXHEHUS XKUBOM MaTepuu. B "acTHOCTH, y OakTepuit Obuin oOHa-
PY’KEHBI BaKyoJIr, paboTaromie Harmo1o0ue O0anaacTHRIX IUCTEPH MOABOIHBIX JIO-
JIOK, KOJUICKTHBHASI 0XOTa Ha XEPTBY, MOJEIHUPOBAHUE MHOTOKJIETOYHOCTH, CIO-
€00 mepeaBIKeHUS MOJOOHBIN MepeMerieHuto yepss [1].

MeToabl 1 MaTepHaJbl; pe3yabTaThl. B pesynbrate ncciepoBareasiMu Obuia
BBIIBUHYTA TUIIOTE3a, COCTOSABIIASA B TOM, YTO MUKPOMHP — 3TO CBOEr0 poja Uc-
MIBITATENIbHBIN CTEHJ], TIOJUIOH, HA KOTOPOM MpPHUPOJa MPOBOAUT MCIBITAHUS pa3-
HOOOpPAa3HBIX yCTPOMCTB, CHCTEM, KOHCTPYKTUBHBIX NPHHLUIIOB, KOTOpPHIE 3aTEM
peann3yIoTcsl Ha YPOBHE MHOTOKJIETOYHBIX OpPTaHu3MOB. POpPMBI MHUKPOOPTAaHU3-
MOB OTpaHHYEHBI B CBOEM Pa3HOOOpa3vM BCETO0 HECKONBKUMHU (HUIypaMu, K KOTO-
PBIM OTHOCSITCS CIMpallb, LIap, MATH- U IIECTUYTOJIbHUK, LIMIHHIP-TPYOa, «uepe-
BO», «3BE371a» U KOJBIIO [2].

Taxoit HaOoOp (GOPM-TIPUHIMIIOB, MO MHEHHIO CIICHHUAJICTOB, OOYCIOBIIEH,
MIPEXKAe BCEro, MX MHOTO(PYHKIMOHATFHOCTHIO M MPOCTOTOM. biiarogaps sTomy sti
HECKOJIBKO «apXxe(opM» U X BCEBO3MOXKHBIE COUETAHUS NEPEXOIAT U3 MUKPOMHU-
pa B MHpP BBICIIUX OPraHHU3MOB, YCJIOXHSSICh, HO COXpaHssl HEM3MEHHBIMH IIPHUH-
UIBI cBoero cTpoeHusi. C Ipyroil CTOpOHBI, Te K& camble (OPMBI CYIIECTBYIOT
B )KHBOM MHKPOMHMpE YK€ TIOpsiiKa TPeX ¢ MOJIOBUHOW MHIJUIMApAa JIET, HBOJIIOLHU-
OHMpYSI, HO, IIPXU 3TOM, HE MEHSS CBOEH CyIIHOCTH. IMEHHO BpEMEHHOH pecypc
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MHKPOOPTraHM3MOB — HX JAJHUTENBHOE CYILIECTBOBAaHHE Ha 3e€MJIe U HPU ITOM
OBICTpast cMeHa IMOKOJICHWH U TIO3BOJISIET MUKPOOPTaHW3MaM CTaTh )KUBOM Jlabopa-
Topuerd mpupoabl. [Ipupoga dakTuuecku NpUMEHSET METOABl MOJECTUPOBAHUS,
UCIIOJIB3YS YIPOIIEHHbIC, CBeJCHHbIE K (QyHIAMEHTABHBIM TPUHIMIAM (OPMEI
U CTPYKTYPBL. DTOT K€ METOA MCIOJb3yeT U OMOHMKA, HO OTTAJIKUBAsICh, KaK Ipa-
BUJIO, OT BBICIIMX OPraHU3MOB, ynpoulas UX ()yHKIHOHAIbHO-KOHCTPYKTHBHBIE
CBOIWCTBa K BHJaM, MOJAIONIMMCS MaTeMaTHUYECKOMY U ITOPUTMHYECKOMY MO-
JETUPOBAHUIO.

Oo6Hapyxennble B koHIle 1970-x T0o/0B (hyHIAMEHTAIbHBIE T€OMETPUIECKUE
(OpPMBI JKUBOW PUPOBI TP MOMOILH CKAHUPYIOIIETO 3JIEKTPOHHOTO MUKPOCKOIIA
COBIIAIAIOT ¢ 0a30BBIMU ()OPMAMU U CTPYKTypaMH, HOJTYUESHHBIMH U3 aHAIN3A KH-
BOii mpuposl B JlabopaTopun apXUTEKTypHOH OHMOHHMKH MPHOIU3UTENHHO B TO Ke
camoe BpeMsa. K HUM OTHOCHIHCH MPOCTPAHCTBEHHBIE M IUIOCKHE CIHPaJIbHBIC
CTPYKTYPHI, SHIIEBHJTHBIE 000JIO0YKH, MHOTOTPaHHbIe (POPMBI, BKITFOUAIOIINE B ceOsI
MSTH- ¥ IIECTUYTOIBHUKH, HIIHMHAP U KOHYC KaK MPUHIMIIBI POCTA, BETBSIIUECS
CTPYKTYpBI, 3Be31000pa3ubie kommosunuu [3]. [To3anee, B cepeaune 1980-x romos
K HUM OblT 100aBJICH MPHHIMI Y371a, NPEACTABISIONNNA COOOH pa3BHTHE KOJbIA
[4]. BeiaeneHHble METOAOM apXUTEKTYPHOW OMOHHMKH MPHUHIMIIBI WA 3aKOHOMEP-
HOCTH (opMOOOPa30BaHUS B CBOIO OYEpEah CXOIHBI C CEMbIO (DyHIaMEHTATBHBIMU
(dbopMamu, OOIUMH Kak JJIsi TEXHUKHU, TaK U JUIsl PUPOJBI, KoTopeie emie B 1920
rofly MepeyrcIni MpeaIIeCTBeHHUK cOBpeMeHHoM Ouonuku P.I'. @pance, BbaBU-
HYBIIWH HJII0 «OMOTEXHUKU», COTJIACHO KOTOPOH BCE CYMIECTBYIOIIUE B MPHUPOJIC
U CO3JaHHBIC YEJOBEKOM (POPMBI SBISIOTCA ONHOW M3 ceMH (DyHIaMEHTAJIBHBIX
(bopM, K KOTOPBIM OH NPUYUCIISIL: KPUCTAILI, LIAP, IIOCKOCTh, CTepXKEeHb (Kpyriio-
rO CeUeHus), JICHTY, BUHT (CIiUpalib) U KoHyc [5].

3axiaroueHue. V3 runoTe3sl MUKpOMHUpa Kak JIabopaTopuu IPUPOAbI CIEIyeT,
YTO HA MHUKPOYPOBHE MOTYT TaKKe CyIIECTBOBATh KOHCTPYKIIMU M CHCTEMBbI, KOTO-
pbI€ ellIe He PeaM30BaHbl Y BBICHIMX OPTaHU3MOB, HO KOTOPbIE MOTYT NPEICTABIATh
MHTEpeC B KAUECTBE XXKMBBIX aHAJIOTOB TEXHMUYECKUX perieHuil. [lomHbl nepedeHb
(byHIaMEHTAJIBHBIX (OPM MPUPOJIBI U €ro HayyHOe OOOCHOBaHHE MOXET JaTh J0-
MIOJTHUTENbHBIC BO3MOXKHOCTH METOAaM, IPUMEHSIEMBIM CEroHsI B OMOHHKE.
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Annomauyun. B pabome npedcmasgnenvl pe3yiomamsl OuggeperyuanbHol ckanupyouell
KAIOpUMempuy U mepmocpasumMempuiecko20 aHamusa NoIUOKCUMEMULeH-Conoaumepd,
ROTUOKCUMEMULEH-20MONONUMEPA, pmoponiacma, noauamuo, NOAUSMUIEHd, NOAUNPONU-
JIeHa, NOAUIMULEHA HU3KO20 0aeeHUs, noaukapoonama u noruypemana. [lpedcmasnenmvie
Oanmvle 0aiom NOHUMAHUE O HaYane, KOHYe U IHepeuu (pazoevix nepexodos uluiu xumuye-
CKUX peaxyuil, npoucxo0suux ¢ 8blOPaAHHbIM PAOOM MEPMONIACTNULHBIX NOAUMEPOS, YO
uMeem 3HAYUMeENbHYI0 YeHHOCIb NPU YUPPOBOM MOOETUPOSAHUY UU NOOOOpe Mamepuana
O/ Pa3nuUyHO20 Psda 3a0ay.

Knrouesvie crosa. mennogusuueckue ceolicmea, mepMoniacmuytsie noiumepwl, ougge-
PEHYUANbHAS CKAHUPYIOWAs KATOPUMEMPUst, MEPMOSPAGUMEMPUYCCKULL aHAIU3, OCeNOau-
mepusayus

Beenenune. B coBpeMEHHONM WH)KEHEPUM TEPMOIUIACTUYHBIE IOJUMEPHI HAXOHST
pa3Ho00pa3Hble MPUMEHEHHS, BKII0Yast TPYOb! I TPAHCIIOPTUPOBKH I'a30B U OCHO-
BBI ISl Pa3MYHBIX KOMIIO3UTHBIX Marepuasio [1], a mst psjga 3amad He0OXO0IHMMO
KOPPEKTHO ONHCHIBATh MOJMMEpPhl MaTeMaTHYeCKMMU MOAEIIMH. TeM He MeHee,
[IOBE/ICHHE IIOJIMMEPOB IPU HArpeBaHWU OCTACTCS HE A0 KOHIA W3y4YEeHHBIM, IO-
CKOJIBKY Ha TIapaMeTpbl (a30BBIX TEPEXOJ]OB BIHUSIET MHOXKECTBO (PaKTOPOB — OT
OKpYXaroIied arMocdepbl U CKOPOCTH HAarpeBa 10 CTENCHN KPUCTAIIMYHOCTH Mate-
pHana, 9To BaXXHO Kak MpH MoAOOpe MaTepraioB, Tak U I IH(POBOro MOAETIHPO-
BaHUs [2]. DTO 00CTOATENBCTBO CO3/ACT CIOKHOCTH MPHU BBHIOOPE MOJMMEPOB VIS
3a71a4, CBS3aHHBIX C BO3JEUCTBUEM TEMIIEPATyPHBIX HArpy30K.

Marepuansl 1 MeTOabI; pe3yJbTaThl. B 1aHHOW paboTe ¢ MCHONB30BaHHEM
b depennmanbHoil ckanupytorei kamopumerpun (JICK) u tepmorpaBumerpre-
ckoro ananu3a (TI'A) GBUTH MCCITEMOBAaHBI MPOIIECCHI IIABIEHNS, KPUCTAIIIN3AINN 1
JICTIOJIMMEPU3aLMK TAKUX MaTepUajoB, KaK MOJIMOKCHMeTHIIeH-conommep ([TIOM-
C), nomuokcumeruneH-romonoiumep (ITOM-H), dropomact, momuamung ITA-6,
nomuaTiwieH (I13), nomunpormen (I1IT), nonudtuien wuskoro pasnenus (IIDH),
nosukap6onart (I1K) u nmommyperan (ITY). [l u3MepeHust IUIaBICHHS U KPHUCTAILIH-
3aiuy ObUTM BBIOPAHBI THUTIHM W3 ATIOMUHUS, ST BCEX MaTepHajoB Kpome (propo-
TUIacTa, JUId U3MEPEHUs] KOTOPOro, Kak M Ui MPOBEACHHS IEMOTUMEpU3aliu, Hc-
MOJIb30BATIMCh KOPYHIOBBIe THIIIM. Cpenol Al mMpoBedeHusl OblI BBIOpaH aproH
¢ mpoxyBKoit 50 cM/MuH [1st miaBnenus U kpucTammsauy # 100 cm/muH s ne-
nomumepusaimu [3]. s onpenesieHns BIMSHUS CTEEHH KPUCTAUIMYHOCTH U CKO-
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pPOCTH HarpeBa HPOIECCHl IUIABICHNS W KPHCTANIN3AINH M3y4YalHCh B IpoLeccax
C IBYMsI CTaIMSIMH HarpeBa W oXJaxJeHus. KpuBble MIIaBIeHUS U KPUCTAUTU3ALUH
He Obuti nosryuensl i [TK u [TV, Tak kak oHE aMOp(HBI, 1 HE UMEIOT TIIABJICHNUS,
a [POCTO pa3MsIr4aroTcs PH HarpeBe.

AHaNM3 NOJTYyYSHHBIX JaHHBIX TO3BOJHI ONPEACIHUTh TEMIIEPaTyphl (ha30BBIX
MEepPEeX0J0B U TEMIEpaTyp pa3pylIeHHs TEPMOIUTACTHYHBIX IMOJHMEPOB, a TAKKe
SHTANBINIO (Pa30BOr0O Mepexoa U CKOPOCTh TEPMHUUECKOTO Pa3JIOKEHHS MaTepua-
70B. Pe3ynbTaThl mOKa3aiu, 4YTo MPU M3MEHEHHH CKOPOCTH HarpeBa TeMIieparypa
nuKa $pa3zoBoro nepexoja Baprupyercs Bcero Ha 1-2 °C, 0lHaKO TPU 3TOM 3HAYU-
TENbHO M3MeHsieTcs (JopMa KPHBOiA, a TakKe TeMIlepaTypbl Hayajga U OKOHYaHUS
¢aszoBoro mepexona. MakcUManbHOE CMENICHHE TEMIEpaTyphl Hadalla Iepexoja
obu10 3adukcupoBano s [1A-6 u cocraBuio 8,5 % (oxoso 10 °C) npu moBblie-
HuH ckopoctd HarpeBa ¢ 5 °C go 10 °C. Duranenus dazoBoro nepexona y 0oib-
NIMHCTBA TIOJIMMEPOB OCTAETCS MPAKTHUECKH CTaOMIILHON, HO JJISl HEKOTOPBIX Ma-
tepuanos, Hanpumep [IOM-H, npu yBenn4eHWH CKOPOCTH HarpeBa HaOJIOAANIOCh
3HauUMTENbHOE M3MeHeHne — 10 28 % (40 JIx/kr).

3akmouenne. [IpoBeeHHOE UCCIeIOBaHUE IAET MPENCTABICHNE O XapaKTepe
(a30BBIX MMEPEX0JI0B B TEPMOIUIACTHYHBIX HOJIMMEPAX, & TAKKE O BIUSHUU Ha HUX
ckopocTH HarpeBa. Takke ObIIM TOJNYyYEHBI JaHHBIE O M3MEHEHHH MAacChl U ee
npou3BoAHOH. [TodydeHHble TaHHBIC MO3BOJSIIOT KOPPEKTHEE MOJEIHUPOBATH MpPO-
IIECCHl TEPMHUUECKOH Harpys3KkH, a TakXkKe JACHOJIMMEpH3allid TEePMOIUTACTUYHBIX
MOJMMEPOB.

CruUCcoK UCTOYHUKOB
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Annomayus. Paccmompena pois 06pazoeamenshuix opeanusayuii 6 obecnedenuu 8blicu-
8aHUA HACENIEHUA 8 YCIIOBUAX B0CHHO20 8PeMeNU U upe3gblialinblx cumyayuil. [Ilpedcmagne-
Hbl KTI04egble Hanpagienus ux GYHKYUOHUPOBAHUSA. COXPAHEHUE Yel08euecK020 Kanumand,
obecneyenue NCUXOIOSUYECKOU YCmouuugocmuy obuecmsa, pasgumue uH@pacmpyKmypbl
sawumul. Tlokazamnvl 0CHOGHbIE NYMU NOGLIUEHUS YCHMOUYUBOCTNU QYHKYUOHUPOBAHUS 00~
PA306amMenbHbIX Op2AHU3AYUIL, SKIIOYAIOUWUE OP2AHUZAYUOHHbIE, UHIICEHEPHO-TNEXHUYEeCKUE
u ungpopmayuonnvie meponpusmus. Coenan 6v1800 0 HEOOXOOUMOCU KOMNAEKCHO20 NOO-
X00a U NPOAKMUEHO2O NIAHUPOBAHUS OISl MPAHCHOPMAYUL 0OPAZ06AMENLHBIX OPSAHU3A-
yuil 8 ycmouyugvle yeHmpuvl 6e30NacHOCmu.

Knrouegwie cnoea: ycmotivusocms (Qynkyuonuposanus, oopasosamenvHvle opeaHu3ayul,
upessblualinble CUMyayuu, 2palcoanckas 00opona, yenoeeveckuli Kanuma., UH@pacmpyx-
mypa 3auumal

Beenenue. B coBpeMEHHBIX yCIOBUSAX POCTa MHOTOOOPA3HBIX YIPO3 — BOCHHBIX,
TEXHOTCHHBIX, TPUPOJHBIX — TIOBBINICHUE YCTOWYMBOCTU (DYHKIIMOHHPOBAHMUS
(ITY®) obpaszoBatenbHbix opranuzanuii (OO) CTAaHOBUTCS KPUTHUYCCKH BaKHOM
3amaveil obecriedeHns HanoHaIbHON Oe3omacHoctr Poccmiickoit @enepanmun. OO
SBJISIOTCS HE TOJBKO LIEHTPaMHU MOJY4YEHHs 3HAHUH, HO U CTpaTerHYecKUMH 00b-
€KTaMH{, CIIOCOOHBIMH O00ECHEeYUTh 3aIUUTY HACEJIEHHs, COXpaHEHHE Hay4dHO-
TEXHUYECKOr0 IOTEHIMala U HEeIIPEPHIBHOCTh KIIIOUEBBIX COLIMAIBHBIX IIPOLECCOB
B KPU3HCHBIX ycloBuUsX [1, 2]. AkTyanbHOCTh pabOTHI 00YCIOBIEHa HEOOXOIMMO-
cThio cucteMaru3anuu Mep [IY® OO u ux agantauuu K COBpEMEHHBIM BBI30BaM.

Metoasl 1 MaTepuaJasbl; pe3yJbTaThl. OcHOBHasA 3HaunMocTh OO B Kpu3Hc-
HBIX YCJIOBUSIX ONPEAEISIETCS UX MHOT0334a4HOCTHIO, BAKHEHIIMMU U3 HUX SBIIS-
FOTCS: BO-TIEPBBIX, OHU 00ECIIeYNBAIOT COXPAHEHUE W HapalllMBaHWE YEIIOBEYECKO-
ro KamuTania 3a CUeT MOJArOTOBKU CIIEHUATICTOB U 00ECTIEYeHUH TPEEMCTBEHHOCTH
nepenayy 3HaHWH; BO-BTOPHIX, MPOAOJDKEHHE 00pa3oBaTENbHOIO Ipolecca MoJ-
JICPYKUBACT TCHUXOJOTHUECKY0 CTaOMIIBHOCTh 00IIecTBa, a uHppacTpykrypa OO
HCTONB3YEeTCs KaK YKPBITHA, IMyHKTHl cOOpa TMOMOIIM M 3BaKyallOHHBIE Y3IIbI;
B-TPEThUX, Hay4HbIe moapasaeneHuss OO BHOCAT BKJIaja B obecnedeHue Oezomac-
HOCTH IOCYJapcTBa U JIp.

I[TY® OO Tpebyer KOMILIEKCHOTO MOAX0/a. BaxkHEHIIMMHU Ty TSMHU TIOBHIIIIE-
HHS YCTOMYMBOCTH 0Opa30BaTEIbHBIX OPraHM3alMil SBIAIOTCS cienyromme [3].
OpraHu3aioHHbIE MEPONPUATHSI, BKIIOYAIOLINE Pa3paOd0TKy U PEeryJsipHYIO aKkTy-
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anu3anus IJIaHOB TPaXKTaHCKOH 0OOpOHEI, 00yUYeHHe PYKOBOAWUTENEH W PabOTHU-
KOB JIEUCTBUSAM B KPU3HUCHBIX CUTyallUsdX, MPOBEJEHNE YUEHHUI U TPEHUPOBOK, CO-
30aHMe HeITaTHBIX (GopmMupoBanuii u ap. MHKeHEpHO-TEXHUYECKUE MEPONIpHs-
TS, HallpaBJieHHbIE HAa YKPEIUIEHUE 3/1aHui, MOJIEPHA3AIINIO CICTEM OIOBEIIEHUS
Y MOHHUTOPHHTA, 3alIUTy KPUTHYECKOH MH(pOpMannoHHONW MHPpacTpyKTypsl. Ma-
TEepPHATHHO-TEXHUYECKOe OOecliedeHrne BKIIIOYAeT CO3/IaHHE PEe3EPBHBIX HUCTOYHH-
KOB SHEPrUH, 3a11acOB BOJBI, IPOJYKTOB, MEAUKAMEHTOB U CPEJICTB WHAMBH LY allb-
HO 3amuThl. BaxkHEHIIIMM 3JIEMEHTOM SIBIsIeTCsl KoopAuHanus ¢ opranamu MUC
Poccun, MecTHON BIACThIO M HAcCEJIEHWEM, a TakXKe BHEAPEHHE IH(POBBIX IUIAT-
¢dopM I ONOBEIICHUS] ¥ IUCTaHIMOHHOTO o0yueHus. MHpopmannonnsie Mepo-
MPHUATHS, BKIIOYAIONINE MMPOBECHNE HHCTPYKTAXeH, WCIOIb30BaHHE IH(PPOBBIX
wIaThopM AJISl ONEPaTUBHOTO OMOBEHICHUs, oOMeHa MH(popManueH, yaanreHHOTo
oOyuenus. MlnnoBauuonnsie meponpusitusd [IY® OO Ha ocHOBE HENpEpHIBHOTO
MOHUTOPWHTA TPHUPOJHBIX, TEXHOTCHHBIX, BOCHHBIX yrpo3 mist OO: pa3paboTka
u ucnoinb3oBanue BIM-moneneit 3qanuii u coopyxenuii OO, pa3paboTka u wuc-
nons30BaHue VR-TpeHaxkepoB s 0TpaObOTKU JNeHCTBUH ydacTHHKaMH 00pa3oBa-
TETHHOTO MPOIlecca B KPU3UCHBIX CUTYaIUsX, ucnonb3oBanue BITJIA nns passen-
KM O4aroB ONAacHOCTEW, JukBHAanuu nocienctsuil UC, gocTaBku rpy3oB B ouar
OTIACHOCTH WJIM W3 HETO, CO3J]aHHEe W BHEAPEHHUE CETH aKyCTHYECKOTO MOHHTOPHH-
ra 3BYKOBBIX CUTHAJIOB Ha OCHOBE MAIIMHHOTO CIIyXa JJISl UCKIIIOUEHHs desoBeye-
CKOTO (pakTOpa MPU MOHUTOPHHTE, MPOTHOUPOBAHUN U YCTPaHEHUH MPHUPOIHBIX,
TEXHOTEHHBIX U BOCHHBIX puckoB st OO.

3akmouenne. Peanuszanus npeqioxxenHoro kommiekca Mep IIY® OO no3zso-
JUT TpaHC(HOPMHUPOBATH WX B «yCTONUYMBEHIE IEHTPHI OE30MACHOCTH», CIIOCOOHBIE
3¢ GeKTHBHO PYHKIMOHUPOBATE B YCIOBUAX KPU3NCOB. KITIOUeBBIMU MPUHIHIIAME
SIBIISIIOTCSL TIPOAKTHBHOCTH, PETYJSAPHOCTH TMPOBOJUMBIX MEPONPUATHN W MaKCH-
MaJbHOE BOBJICYEHHE BCEX YYaCTHHKOB OOpa30BaTENBHOTO Mpolecca. JlampHei-
M€ WCCIEeNOBaHUS MOTYT OBITh HampaBlieHbl Ha pa3paldOTKy perHOHaIbHBIX
1 00bekToBEIX Mojenei ITY® OO ¢ yderoM crieliuduKu yrpo3 ¥ pecypcoB.

CnuUcoK UCTOUYHUKOB
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Annomauusn. Paccmompenvt ucmopuyeckue acnekma pasgumus 600H020 HANPAGTIEHUsl HA
Kagedpe «Axonoeus u npomviunennas bezonacnocmo» MI'TY um. H.O. baymana. Omme-
YeHO, YUMo N0 Mepe PA36UMUsL HOBbIX UHICEHEPHBIX DeuleHUll No OYUCMKe CHOYHBIX 800
ObLIU OOCMUSHYMbL CYUWeCHBeHHble Pe3yabmambl NOGbIUEHU KAYeCmed OYUCMKU CIOY-
HbIX 800. Ycmanoeneno, umo 01 21yOOKol OYUCIIKU CHOYHBIX 800 HE0OXO00UMO UCHONb30-
BAHUE KOMNIEKCHBIX MEXHON02ULL 0000MEEOCHUs. U OUUCMKU CIOYHBIX 800.

Knrouesvie cnosa. cmounvie 600bl, 04UCIKA CMOYHBIX 600, Kapedpa «DKkonocus u npo-
motutiennas b6ezonacnocmo» MI'TY um. H.D. baymana, snedpenue HOBbIX UHICEHEPHLIX
peutenuii

Beenenne. Ha kadenpe «Oxonorust 1 IpoMBIIIIeHHAs: 0€30MacHOCTR» Oolee 25 et
pa3BUBACTCSl HaNpaBiicHUE (HU3UKO-XMMUYECKOW OYHMCTKHA CTOYHBIX BOJ M TIOY-
BOTPYHTOB, TPEUMYIIECTBEHHO C WCIIOJIb30BaHHEM KOMOWHHUPOBAHHOW TEXHUKHU.
Ha wawanmpHOW cTaguu MPEHMYIIECTBEHHO WCIIONIB30BAUCH KOMOWHHUPOBAHHBIN
(hJIOTOMAIITHBI, COYETAIOIINE HECKOJIBKO PA3IIUYHBIX Y3JIOB, KaK TPABHIIO, adpallHio
OUHIIIAeMOH Cpebl 1 30HY (roTariu (hJI0TOKOMITIICKCOB C ITEPEXO0IOM MX B ITCHHBIN
cnoii. IIpenBapurenbHO€ KOHAMIIMOHUPOBAHUE OYMINAEMOM BOJIbI WM CYCHEH3UU
MMOYBOTPYHTOB OCYIIECTBILIIOCH BHE (IOTAIMOHHON MAIMHBI, XOTS 3Ta OIEpaItus
MMEET CYIIECTBEHHOE 3HAYCHUE B TEXHOJIOTHH (IOTAIIMOHHON ouncTKU. OObeaHe-
HUE B OJHOM KOpITycE ammapara Kak KOHIWIMOHHUPOBAHHUSA, TaK M 30H a’paluu
u (prnoTammy ¥MeeT BakHOE 3HAa4YeHWE. B 3ToM ciydae mMeeM mpuMepHO 56 30H
C Pa3IMYHBIM THAPOJINHAMUYECCKUM PEXUMOM. B TIepBBIX 30HAX, B KOTOPBIX MPOXO-
JUT KOHAMLMOHUPOBAHHE OYMILAEMOM CTOYHOM BOZABI MM CYCIIEH3HHU MOYBOTPYH-
TOB, HEOOXOIMMO CO3/IaHKe TypOyIeHTHO#H 00cTaHoBKH [1, 2].

Metoabl 1 MaTepHuaJbl; pe3yJabTAaThl. 3HAYCHUE CKOPOCTU IBHIKEHUS OUU-
1Ia€MOU CTOYHOM BOJIbI WJIM CYCIIEH3HH ITOYBOIPYHTOB B 3THUX 30HAX MOKET B He-
CKOJIBKO pa3 MPEBBINIATh PEKOMEHIYEMbIe 3HAUCHUSI CKOPOCTH JKUJIKOCTH B 30HE
¢dnortamum. s pacyera ONTUMATBHOTO THAPOAUNHAMUYECKOTO PEXUMa B 3TOH, KaK
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W B JpPYyrux 30HAaX, IeIecO00pa3HO WCIOIb30BATh MPOTPAMMHBIA HPOIYKT
«AHcuc». [Ipu 3TOM Hapsy ¢ pacrnpeneneHHeM CKOPOCTH He00X0AUMO TOIyYUTh
Y JIaHHBIC IO PaCIPEICICHHIO TPAJNCHTa CKOPOCTH BO BCEX TEXHOJIOTHYECKUX 30-
Hax. DTO Mo3BOJIsIeT 00Jiee TOYHO BBITIOIHUTH PACYCTHBIC PEKOMEHIAINH IS 110-
JYYCHUS] HAWTYUIINX TEXHOIOTHYCCKUX PE3YIIbTATOB.

Takum 06pa3oM, UCMONIL30BAHNE KOMOMHHUPOBAHHOM (DIOTAIIMOHHON TEXHHKH,
W3TOTOBJICHHOM C YYETOM MOJICIM MHOTOCTaIMIHOMN ()JIOTALMH, TO3BOJISIET MOBbI-
CHUTb CTCTCHb W3BJCUCHHS B3BEHICHHBIX YacTHil 10 96 %, a Takke yMEHBIIUThH
sHepro3arpartsl B 1,8-2,0 pasa, a marepuanbHbie 3aTpaThl B 1,2—1,3 paza.

3aka0vyenne. J[oCTHrHYTBIE B IpoLleCCe MCNBITAHMH M BHEIAPCHUS HOBBIC
WHXKEHEPHBIC PENICHUS TO3BOJIMIIH CO3/IaTh OPUTUHAIILHBIC YCTAHOBKU JUIS OYHCT-
KM BOJIbI, B YACTHOCTH, BKJIFOUAIOIIEE y3ell peareHTHOH 00paboTku — (hioTupoBa-
HHEe — (UIBTPALUIO C UCIIOIb30BaHUEeM NecuyaHoi (wmin AC-copOeHT) u ancopo-
[IMOHHOH (AKTMBHUPOBAHHBIN YTOJIb) 3arPy3KH.

[MonyueHne yka3aHHBIX BbIIIE HOPMATUBHBIX MOKa3aTeneil yaaeTcs JOCTUTaTh
NpY BBITIOJHEHUM HEOOXOTUMBIX TpeOOBaHUI K pearcHTaM B BUJE KOAryJSIHTOB
U (IIOKYJISTHTOB, a TAaKXKE BBIMOJHEHHE TEXHOJIOTHYECKUX YCIOBHI MPOBEICHUS
(IoTaMOHHOTO Tpolecca, MEXaHWYECKOH (MIIBTpaluu W aIcOPOLMOHHON J10-
OYHCTKH CTOYHBIX BOJ. OMBIT peann3aiiy YKa3aHHBIX HH)XCHEPHBIX PEIICHUH T10-
Ka3aJl, YTO MPH BBIOJHEHUU ONPEICICHHBIX TPEOOBAHUH, JOCTUTACTCS BBIMOJTHE-
HHE HOPMATHBHBIX TPeOOBAHUI MO BCEM HEOOXOIAMMBIM MOKA3aTEIsIM, YKa3aHHBIX
B [Tocranopnenus [IpaButenscTBa PO Ne 644 u Ne 728.
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Annomayun. Ompuignotl ouamemp ny3vips A6Aemcs 00OHOU U3 BANCHEUUX XapaKmepu-
CMUK nY3bIPpbK08020 Kunenus. B pabome npednosicen cnocob onpedenenusi OmpuleHO20
ouamempa ny3vipsi Oisi NOBEPXHOCMIU C MHOICECMBEOM YeHmpos napoobpaszosanus. Cnocod
OCHOB8AH HA Memode MeHeBOU aHeMOMempuu u Nnociedyrouwum onpedeieHuem cpeone2o
OMPbIEHO20 QUAMEMPA U3 CMAMUCIUYECKO20 PACIPeOeNeHUSL.

Knrouesvte cnosa. ompuienoil ouamemp, blCOKOCKOPOCMHA CheMKA, CMAMUCMUYECKUe
pacnpedeienust

Beenenne. I1y3bIpbKOBBII PEXUM KUIIEHUS XapaKTEPU3YETCS BBICOKUMU 3HAYECHU-
AMU KO3 (GHUIMEHTa TEeIJIOO0TAauH, MOSTOMY HCIOJIB3YeTCs BO MHOTHX TEXHHYE-
CKHX CHUCTEMax, B KOTOPBIX HEOOXOAMMO OTBOJHUTH OOJIBIINE TETJIOBBIE TOTOKH OT
3JIEMEHTOB cHcTeM. Ha MOBEpXHOCTH MpH My3bIPKOBBIM KUTICHUH (DYHKIIHOHUPY-
0T MHOKECTBO IIEHTPOB MapooOpa30BaHus, KOTOPbIE MOTYT T€HEPHPOBAThH CYIIle-
CTBEHHO OTJIMYAIONIUECS MO pa3Mepy ITy3bIpH C pa3iIMdHOW YaCTOTOW OTpPHIBA. JTO
NPUBOIUT K HEOOXOAMMOCTH HCIOJB30BAaTh CTaTHCTUUECKHUE METOIB Al oOpa-
OOTKH pe3yJIbTATOB IKCIIEPUMEHTANBHBIX HccienoBanuii [1, 2]. Cratuctuyeckue
METO/IbI PUMEHUMBI TIPY HAJTUYWH OOJIBIIOTO KOJMYECTBA JaHHBIX, B YACTH KHIIE-
HUS 3TO TIOJJPa3yMeBaeT MacCUB KaJIpOB BRICOKOCKOPOCTHOM CHEMKH, TSI KOTOPBIX
oTIpeIeTIieTCs pa3Mep KaKJoro IMy3bIps Tocie Tporenypsl huipTpanyn. Peannsa-
IUsl TAKOTO MOAXOAA CTaja BO3MOXKHA TOJBKO B IOCIEAHEE BPEMs C Pa3BHTHEM
KOMIIBIOTEPHBIX TEXHOJOTHHA, TaK KaK TPeOYIOTCS pecypchl UIsl XpaHeHHs U 00pa-
0OOTKH OOJIBIIINX MACCUBOB JaHHBIX.

MeToabl 1 MaTepHasbl; pe3yJbTaTbl. DKCIIEpUMEHTAIFHAS yCTAaHOBKA TIPE/I-
cTaBiieHa Ha puc. 1. B repmeTndHOM coCy/ie, 3aIIOIHEHHOM TETJIOHOCHTENIEM, yCTa-
HOBJICH SKCHEPUMEHTANBHBIN oOpazen. C MoMoOLIbi0 J1abopaTOPHOTO aBTOMaTHYe-
ckoro TpaHchopmaropa (JIATP) Ha oOpasem mMomaeTcst SJIEKTPHYECCKHA TOK,
Oyaromapsi KOTOPOMY MOTYT OBITh OOECIICUEHBI PA3JIUMYHBIC TUIOTHOCTH TEILIOBBIX
MOTOKOB. JIOMONHUTENBHBII HarpeBareslb, OTACNEHHBIA OT paboueil momocTH 3a-
IIUTHBIM KPAaHOM, CITY>KUT ISl IOJ/IEPKaHUs TEMIIepaTyphl HACBIIICHUS HA TIPOTA-
JKEHUH BCETo dKcrepuMenTa. KoHTponb TeMneparypsl TEIUIOHOCUTENS M TIOBEPXHO-
cTH 00pasia MPOU3BOAUTCS C TIOMOIIBIO TEPMOTIap.

Tenesoit meton PSV (particle shadow velocimetry) [3] peanuszosan ¢ momo-
IIbI0 BBICOKOCKOPOCTHOM Kamephl co ckopocThio chemku g0 8000 x/c u LED-
ocBeTuTeNs, paboTaImuM B TOCTOSIHHOM pexnme. Kamepa HaxomuTcs Ha OZHOM
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YPOBHE C 3KCIIEPUMEHTAIFHOM 00pa3ioM, a 3a YCTAaHOBKOM pacronaraercs 3KpaH,
OT KOTOpOoro otpaxaercs cBeT oT LED-ocBeturens. [lepen skcnepuMeHTOM Ipo-
BOIUTCA MaclITaOMpoBaHUE M300paKeHUH, HEOOXOAMMOE Uil COOTHECEHUs pas-
MEpOB My3bIpel C MUKCEISIMA Ha M300pakeHWu. B pe3ynbTaTe pacCUUTHIBAIOTCS
MacITadupyooupe KodpQPUUUEHTHI A KaXI0H ONTHYECKOH CXEMBbI IKCIIEPHMEH-
TOB, BBIP@)KEHHbIC OTHOIICHHEM MKM/IHKCENb. [10CIe BBIMOJHEHHS SKCIIEPUMEH-
TaJILHOTO 3Tamna, MOJyuYeHHbIe W300pakeHusi oOpabaThIBAIOTCS C MOMOIIBIO MPO-
rpaMMBl C 1EJbI0 OINpENeNCHHs CTAaTHCTHYECKH JOCTOBEPHOTO OTPHIBHOTO
IraMeTpa, MOHUMAaeMOro Kak HanboJiee BEpOATHBIN 1O BBEIOOpKe. B camoii mpo-
rpamMMme Npou3BeeHa OWHapu3alys U300paKeHUH W MCIOIB30BaH MOPOTOBBINA all-
roputM. [IpumMep moygaeMoro kajipa BEICOKOCKOPOCTHON ChEMKH IMPEICTABICH Ha
puc. 2. Pe3ynbraToM MpoBEIEHHOTO MCCIECAOBAHHS C MTOMOIIBIO TEHEBOI'O METOMA
SIBIISIETCS. HOPMAJIM30BAHHOE CTAaTHCTHYECKOE paclpeziesieHne, IpuMep MpeacTaB-
JIeH Ha puc. 3.
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Puc. 1. Cxema 3KCnepnuMeHTaNIbHON YCTAaHOBKM:

1 — oxnaxpawwas BoAa, 2 — KOHAeHcaTop, 3 — WUCTOYHWK CBeTa ANA BUAEO-

CbeMKW, 4 — natp, 5 — ypoBeHb XUAKOCTU, 6 — MaHOMeTp, 7 — TepMmonapa, 8 —

TOKOMPOBOA, 9 — repmMeTUyHasi eMKocTb, 10 — 3KCNepuMeHTanbHbli obpaseL,
11— 3KpaH, 12 — T3H, 13 — BbICOKOCKOPOCTHAA BMEOKaMepa

Puc. 2. Kagp BbICOKOCKOPOCTHOM CbeMKU
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Puc. 3. Hopmann3oBaHHOe pacnpefeneHne oTPbIBHbIX JUaMeTPOB

3akaouenne. PazpaboTan cioco0 ompeseneHus: CTaTHCTUIECKH JOCTOBEPHO-
IO OTPBIBHOT'O JHMAaMETpa ITy3bIpsl C MIPUMEHEHUEM BBICOKOCKOPOCTHON ChEMKH Te-
HEeBBIM MeToZoM. Croco0 mo3BOJISET MO OOJBIIOMY MAcCCHBY JAHHBIX IOJTYy4YaTh
XapaKkTepHBIH ISl UCCIIeyeMOi TOBEPXHOCTH C MHOXKECTBOM LIEHTPOB 1apoobpa-
30BaHMS OTPHIBHOM TMAMETP MY3bIpS.
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Annomayus. B nacmoswee gpems aimaz paccmampueaemes Kax 00Ul u3 Kuouesblx pe-
cypcog ona pazsumusi muxkpodiekmponuxu. CogepuieHcmeosanue memooos oopabomxu,
BKIIOYASL NPUMEHEHUE NA3EPHO20 U3TYHEHUs, 00eCneyUusalowezo BblcoYauuyio MoYHOCY
socnpouszeedenuss popm U wepoxosamocms Ha AMOMAPHOM YPOSHE, OTNKPbIBAe WUpOKUe
B03MOMHCHOCTU 01 UCHOTL30BAHUA D020 YHUKATLHO20 MATNEPUANA 8 MUKPOIIEKMPOHUKE,
onmuxke, A0epHOll dHepemuKe 1 KOCMUYeCKoM npubopoCmpoeHul.

Knrwuesvie cnosa. aimas, MUKPOIJIEKMPOHUKA, AIMA3HAA KepamMuKad, XapakmepucmuKku
amasa

BBenenue. Anmas mpusHaeTcs HanOosee MepCcleKTHBHBIM MaTepHaIoM IS JIeK-
TPOHHBIX MPUOOPOB MO COBOKYITHOCTH BaKHEHIHMX mapamerpoB [1]. Psn xmoue-
BBIX OCOOEHHOCTEH 3TOTr0 MaTepHaia HperonpeaeieH CrenuduKon ero Kpucrai-
JMYECKOW PEHICTKH C KOBAJICHTHBIMU CBSI3SIMU. YJICJIBHOE COIPOTUBIICHUE
HenerupoBaHHOTO anmasza coctaBisier 1013-1014 Om:cMm mpu mmprHe 3arperieH-
HOU 30HBI 5,45 3B, a HaNpsHKEHHOCTH JIEKTPUYECKOTO MOJsl MPoOOos TOCTHUraeT
107 B/cm. Xumudeckasi yCTOMYMBOCTh ajMa3a Ype3BbIYaiHO BBICOKA: OKHCIICHHE
B MPHUCYTCTBUU KHCJIOPOJa MPOUCXOIUT TpU Temreparypax Boiire 900 K, a mo-
BEPXHOCTHasl rpadUTHU3alUs B YCIOBHAX BBICOKOTO BaKyyMa HaOJIOmaeTcs MpH
temnepatype okosno 1900 K. PekopmHasi TerionmpoBOIHOCTh aiMasa Cpell BCex
u3BecTHbIX MarepuaioB cocraisier 2024 Br/(cm-K) nmpu 300 K. JlanHoe cBO#-
CTBO OOBSICHSICTCS PEKOPAHO BBICOKOM Temmeparypoii Jledas (1860 K), 6naromaps
yeMy KOMHATHas TEMIIepaTypa SBISIETCS ISl MaTepuaja OTHOCHTEIBHO HU3KOM.
OTo AenaeT anMas ONTHMATBHOW JAUDIIEKTPUUECKOW TOAJIOKKON ¢ BBICOKHMH TeIl-
JOOTBOAAIIMNMH CBOMCTBAaMH. Kpome TOro, TemIonpoBOJHOCTh OYHIIEHHOTO
OT M30TOIOB anMmasza Moxet gocturath 33 Br/(cm-K) [2].

MeToasl M MaTepHaJbl; Ppe3yabTaTbl. AJMa3, SBISSCH pPaJMAlMOHHO-
CTOMKHUM MaTepuaioM, Mpo3padeH B MIHPOKOM CIICKTPaIbHOM IHarna3oHe (0T yiib-
TpaHOJICTOBOTO 10 PaJHOBOIHOBOIO), 00NazaeT BbICOKOI TBepaocThio (81—
100 T'Tla), pexkopaHO BBICOKOW CKOPOCTHIO pacrpocTpaHeHust 3Byka (18 xm/c)
U HHU3KOH JMAICKTPUYECKOW MpoHuiaeMocteio (¢ = 5,7). biaromapsi cTons yHU-
KaJILHOMY KOMIUIEKCY XapaKTEPUCTUK ajMa3 HAXOJUT MPUMCHEHHE B KayeCTBE
TerIooTBOAAIMX MIacTiH B CBU-TpaH3ncTopax, MOIIHBIX MYJIbTHYHIIOBBIX MO-
JyJISX W JIMHEHKaxX MOJynpOBOTHUKOBBIX Jia3epoB. Takke MaTeprai NepcreKTHBEH
JUISL M3TOTOBIJICHHSI OKOH MOIIHBIX THUPOTPOHOB, KIUCTpoHOB 1 CO,-na3epos, aky-
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CTO3JIEKTPOHHBIX YCTPOWCTB (TaKMX Kak (HUIBTPHI HA MOBEPXHOCTHBIX aKyCTHYE-
CKHMX BOJIHAX THUTareplieBOro JHMara3oHa) U JCTEKTOPOB HOHU3UPYIOLIETO H3Jy4e-
Hust [1]. Texuomorum xumuueckoro Haxecenus: mokpeitusi (CVD — Chemica
Capor Deposition) pacurupuim BO3MOKHOCTH CO3aHMs HAa OCHOBE aJIMa3HBIX TIIe-
HOK CBY-niprGopoB, TEIIONPOBOASIINX MTOUIOKEK /I SJICKTPOHUKH, KOMITOHEH-
TOB JIaMIl Oeryiiedl BOJIHBI, aKyCTOIJIEKTPOHHBIX YCTPOMCTB, JIa3epHBIX JHOJIOB,
HPOTOTHIIOB KBAaHTOBBIX KOMIIBIOTEPOB, ACTPOHOMUYECKOrO 00OpYHIOBaHUS,
HpU3M, JIMH3, TEPareploBbIX U3IIydaTelieid U panapoB, MPOBOISIIMX HAHOAIMA30B
JUISL  TEpareBTHYECKUX IIeIed, HAHOKPHCTAJUTMUECKUX AJIIMAa3HbIX IMOKPBITHI
C yHpaBisieMOW HPOBOIMMOCTHIO M PaJMAIMOHHO-CTOMKHX JIeTeKTopoB [2]. Hc-
MOJIb30BAHUE aJIMa3HBIX CTPYKTYp B KaueCTBE TEIUIOOTBOJIOB IO3BOJISIET CYIIle-
CTBEHHO YJIy4IIUTh TEIUIOBBIC XapaKTePHCTHKH Takux mpubopos, kak CBY-
TPaH3UCTOPBI, MOJIYIPOBOJHUKOBBIC Ja3epbl u auonabl ['anna [3]. B Hacrosmiee
BpEMsI Ha aJIMa3HON OCHOBE MOTYT OBITh CO3/IaHbI BCE OCHOBHBIC THITHI PAJHOAIICK-
TPOHHBIX yCTpOWCTB. [10 CpaBHEHHIO C aHAIOramMH, BBIOJHECHHBIMH Ha OCHOBE
JPYTHX MOJTYIPOBOJHUKOB, TAKHE YCTPOWCTBA CIOCOOHBI pabOTaTh MPU TEMIIEpa-
Typax no 800-1000 K B XxuMHUYeCcKH arpecCHBHBIX cpefax, o0nazas Ha HECKOJIBKO
HOPSKOB OOJIBIICH pacceMBaeMOM MOIIHOCTBIO M PAAMAIIMOHHOM CTOHKOCTEIO.

3akaouenne. JlanbHeilee pa3BUTHE NPHUMEHEHHs aiMas3a B JICKTPOHHKE
B 3HAYUTEIBHOW CTEIICHM 3aBUCHT OT PEIICHHUS 3a/1auyd IMOJYyYeHHs BBICOKOKaue-
CTBEHHBIX JICTUPOBAHHBIX MOHOKPHCTAJUIOB M AMUTAKCHAIBHBIX TJICHOK aiMasa,
a TaKkXkKe OT HCCJICJOBAHUS TMPOIECCOB B3aMMOJCHCTBHS JIa3€PHOTO H3ITYUYCHUS
C MarepuajaMu TBEPAOTEIBHOH 3JEKTPOHUKH. [IepCrIeKTUBHBIM METOAOM IS T10-
BEPXHOCTHOTO (hOPMOOOPa30BaHUS aliMa3a MPEICTABISICTCS Ja3epHasi TEPMOXHMH-
yeckast 00paboTKa, B OCHOBE KOTOPOi JICKUT MPOIECC KATATUTUUECKOTO B3aUMO-
JeicTBusl yriiepoaa (COCTaBISIFONIETO OCHOBY ajiMas3a) € BOJOPOJOM HIIA €ro
CMECSIMU C BOJSIHBIM TTaPOM U yTJICKUCIIBIM ra3oM [3].
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Annomauyun. B pabome noxazana 603mMOICHOCMb UCHONLI0BAHUL BAPUAHMHBIX TMEXHOJIO-
2UHeCKUX INeKMPOHHBIX CIPYKMYP uzoenus 07 ONMUMU3AYUYU NPOEKMUPYEMbIX NPOU3B00-
CMBEHHBbIX cucmem U nosvluienus 3¢pgpexmusHocmu ux s3xcnayamayuu. [na opeanusayuu
83aUMOO0eliCmaUs KOHCMPYKIMOPpA U MexXHOI02a HA SMANAx HCUSHEHHO20 YUKILA UCNOb3Y-
tomest cucmemuvl aemomamusuposanto2o npoexkmuposanust (CAIIP) na eounoit ungopma-
yuonnou naamgopme. Ilpeocmasnena nociedosamenvhocmo  npumenenuss CAIIP
«CIIPYT-TID» 0ns paspabomku 6apuanmmbix MEXHOI0SULECKUX NPOYECCO8 U320MOBICHUS
demaieil u cOOPOHHbIX Onepayull.

Knwuesvle cnosa. mexuonocuueckas QJIEKMPOHHAA CmpyKmypa u30€]luﬂ, 68apuUaHrmHsvle
mexHoiocudecKue npoyeccovl, unmezpayust, Cucnmema npoeKkmupoeanus

Beenenne. TexHonormueckas cucreMa aBTOMAaTH3MPOBAHHOTO MPOEKTHPOBAHUS
(CAITP) nomxHa oOecrieunBaTh B TOM YHCIIE U KOHCTPYKTOPY BO3MOKHOCTH ITPOAHa-
JIM3UPOBATh Pa3IMYHBIC BAPUAHTHI M3TOTOBIICHUS TUIAHUPYEMOTO M3JCNHS JUTS Kax-
JIOi M3 BO3MOYKHBIX KOHCTPYKTHUBHBIX JICKTPOHHBIX CTpYKTYp m3nenus (OCH) [1].

MeToabl 1 MaTepuaibl; pe3yabTaThl. OCHOBHOE TpeOOBaHNHE K HHCTPYMEH-
TIGHBIM CHCTEMaM, NPUMEHSEMBIM Ha JTarax >KU3HEHHOTO NUKJIa H3JeNuil —
BO3MOYKHOCTh CBOOOJHOr0 «oOMeHa» MHpopmaruedl (nanHbiMu). [IporpamMMHbIit
komiuteke «CIIPYT-TII» no3Bomsier pa3pabaTeiBaTh TEXHOIOTHYECKUE TPOIIECCHI
UL KaXJOTO BapHaHTa KOHCTPYKTHBHBIX OCH BBIOTHEHHBIX B Pa3IHUYHBIX
CAIIP. Ionyuennsie B CAITP «CIIPYT-TII» naHHbIE «BBITpYXkaroTCS» B IpUMeE-
usemyto PDM-cucremy (Product Data Management) i MoryT GBITh HCITOIB30BAHBI
KOHCTPYKTOPOM JUIsl JOTIOJHHUTEIBLHOTO aHalM3a pa3padaThiBacMoOi JeTany /i
nerane-coopounsix emuHuI] (JICE). MHOXeCTBO KOHCTPYKTHBHBIX BapHaHTOB
oTpeseNnsieT MPOCTPAHCTBO JJIS MPHUHATHS pElIeHHI Ha 3Tane TeXHOJOTHYECKOMH
noaroroBku npoussoactea (TTIII) u onTuMH3anmu npoiecca HyHKIHOHUPOBAHUS
3arpy»KaeMoro mpou3Bo/ICTBa (CM. PHCYHOK).

OOImuUM UTOrOM H3JI0KEHHBIX BO3MOYKHOCTEH SIBJISIETCSI MOBBIIICHUE KauecTBa
HPOEKTHPOBaHUsI POH3BOACTBeHHbIX cucTeM (I1IC) MOCKOIbKY YUUTHIBACT BApHAHT-
HOCTh TexHonorndeckux JCH kak Ha HayalbHBIX dTarax — IpU pa3paboTKe KOH-
nenuuu 1 popmupoBanus aBannpoekra [1C [2], Tak u Ha dTane dKCIUTyaTalMu —
3a CUeT M3MEHEHUS CTPYKTYPHI IPOU3BOJICTBEHHOTO IpoIiecca.
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Komnnektauua
nNpou3BoACTBa CTaHoK np"CﬂOCOGﬂEHHE MHCprMEHT

MpoekTuposakue UTorosas KoHGUrypauua Nnpon3BoAcTBa
Npou3BOACTBEHHOMN

CUCTEMBI

KoHuenuns ¢popmMupoBaHMsa NPOM3BOLCTBEHHOW CUCTEMbI C Y4ETOM Pa3fIMYHbIX BapvaHTOB
TexHonormnyecknx 3CN

3akmouenne. CoBpeMennble CAIIP-TII mo3BOisIOT JaTh pEeKOMEHIAINU

KOHCTPYKTOPY 110 BO3MOKHBIM BapHaHTaM M3TOTOBIICHHUS pa3padaThIBaeMbIX JIeTa-
neii u JICE. KomnbloTepHble TEXHOJOTHH JIENAlOT Mpolece pa3paboTKH B3auMo-
CBSI3aHHBIM W B3aWMOJIOTIONIHAEMBIM, TIOBBIIIAS TEM CaMbIM OOMIYI0 3(PPEKTUB-
HOCTb CO37laHUsl HOBBIX WJIM aBTOMatu3umpoBaHHbIX cucteM TIIII neicTByrommux
HpOU3BOJCTB [2, 3].

Cru1coK UCTOYHUKOB

(1
(2]

(3l

TOCT 2.053-2023. Eounas cucmema KOHCMPYKMOPCKOU OOKyMeHmayuy. DieKmpoHHas
cmpykmypa uzdenust. Obwue nonoosicenusi. Mocksa, Crannapruadopm, 2013, 10 c.

byxanoB C.A., Jlaryra, B.C., OBcsinnnkoB M.B. [IpoektupoBanie KOHGUTypalyuu IpoOU3BOJI-
CTBEHHOH CHCTEMBI Ha 3Talax KM3HEHHOTO LUKIA. BbiCoKUe MexXHON02UU 6 MAUUHOCTNPOEHUU.
XXII Beepoc. nayy.-mexu. kongh. ¢ mexcoymap. yu.. mamepuansi. Camapa, Camap. roc. TexXH. yH-
T, 2025, c. 14-19.

Kokoper A.A., Kyssmun b.B., Ctucec A.I'. MeToasl HHTErpaii KOHCTPYKTOPCKOTO M TEXHO-
JIOTHYECKOTO TPOSKTUPOBAHMSA. M36ecmus gvicuiux yuebHwix 3agedenuil. Mawunocmpoenue,
2012, cnen. Boin. DddexTrBHbIE METOABI aBTOMATH3aLNH, . 15-23.
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«YcoBepleHCTBOBaHME» YesIoBeKa: MOXHO in HPEB3OVITM
OorpaHnyeHuA 6uonornyeckoro?
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@Y, Pocmos-Ha-/]JoHy, Poccus

Annomayun. O6Ocyxcoaemcss npobdnemMa MexHOoL0UYeCK020 NPeoooieHUst NPUpOOHbIX
oepaHuyeHull buonocuyeckoeo. Pazepanuuusaromces «CunvHvie», 00120CPOYHbIE HOPMbL
YCOBEPUIEHCMBOBARUSL U KpaAmKocpounvle hopmuvl. OboCcHO8aHA Udest, COCMosuas 6 mom,
Umo MexHoNo2uYecKul apmedaxm 0ondcen Ovimb adanmueen opeanuxe. Paccmompennl
Ahpexmul UHDOPMAYUOHHO-MEXHOTIOSUUECKO20 3AMEUEHUsl, CPeOU KOMOPLIX Memapenpe-
3EHMAMUBHOCHbL MENECHOCMU U NPOEeKMbl KUOOP2U3aYUU, HANPAGIEHHble HA NPeoCxX00-
cmgo buonozuyeckux ocpanuyenuti. Coenansi 6b18600bl, NOKA3bIBAOWUE, YMO YCOBEPUIEH-
cmeosanue Ha NYMU  MEXHOCUMOUO3d, CEUOeMeNbCmeylouee O HOBOM  Gblbope
coepemennuxa, umeem amousarenmuvle 3pgexmol. Ilpu onpederenuu epanuy mexicoy
ecmecmeeHHbIM U UCKYCCMBEHHbIM BANCHO YUUMBIEANb OP2AHONPOCKYUIO U IPZOHOMUUHBLE
63AUMOOCUCMEUSL YeN0BEKA C MEXHONOSUAMIU.

Knwuesvie cnosa. «eamopacuiupenue» 4eiloseKkd, memameileCHoCmb, Ku60p2, mexHocum-
6u03, UCKYCCMBEHHble UHMEJIIEKm)adjlbHble Cucmembsl

BBenenue. B coBpeMEHHOM MHpE MOUCK BO3MOYXHOCTEM YCOBEPILIEHCTBOBAHMS Ue-
JIOBEKa BEJETCA HE TOJBKO Ha IyTH 3aMMCTBOBAHMS MYJIPBIX MPUPOJHBIX PEILICHUM.
HoBrble BO3MOXXKHOCTH, YBEIMYHBAIONINE OOBEMBI MaMATH M CKOPOCTH OOPabOTKH
uH(OpMaIUH, CBUIECTENBCTBYIOT O «CaMOPACHIMPEHUH» YeJIOBEKa, MO3BOJISIOIEM
HE TOJIBKO HAJENNUTh €r0 SHUMKIONECINIECKUMH 3HAHUAMH, HO U NIPEB30UTH OrpaHu-
YEHHBIC BO3MOYKHOCTH OMOJIOTMYECKOTO, CBS3BIBAIOT ¢ Mcrojb3oBanuem MU. Tep-
MHH enhancement, mepeBOAAIIMIACS KaK yIydYIleHHe, TMO3BOJSIET BECTH PEYb HE
0 CcaMOpAacHIMPEeHNH BCIIEACTBHE OOOTAIIEHHs 4Yell0OBeKa BO3POCIINM YPOBHEM pe-
(JIEKCHBHOTO OCMBICIICHHS, @ O CYIIECTBEHHBIX TpaHC(hHOpMaIHAX 4YeJoBeKa Ha OC-
HOBE «CPAaIIEHHOCTH» C UCKYCCTBEHHBIMU TEXHOJIOTHAMH. [ [pUHIMTIATBHO 000Dt
TexHocuMOno3, 3. Kinapk yBepeH B 3(h(PEKTHBHOM BKIFOUCHHH HOBBIX TEXHOJOTHN
B IIPOLIECC B3aUMOJICHICTBHUS YEIIOBEKA C MUPOM.

Marepuajbl U1 MeTOIbI; pe3yJbTaThbl. PelienT MHOrOMEPHON JIMYHOCTH —
B HMHTETPHUPOBAaHUHM C TEXHOJOTHSIMH, a TpoOiieMa CaMOMO3HAHUs OTIMBACTCS
B (opMyIy, 4TOOBI «103HATH cebs, 3Hail cBou TexHonorun» [1]. BruornbpuaHbie
WHHOBAIlIMM CTAHOBUTCSI MPUOPUTETAMH COBPEMEHHOTO dTama pa3BuTus. [losTomy
BOMPOC: TJIc KOHYAIOTCS TEXHOJIOTHH U HAYMHACTCS YEIIOBEK, BeChMa akTyaseH [2].
ITpu 5TOM clieyeT pasrpaHUYHMBATH «CHIIBHBIE» (OPMBI YCOBEPIICHCTBOBAHHUSI
U (opMbl «BpeMEHHBIE», 00ECIEUYMBAIOIINE KPAaTKOCPOYHbIe H3MEHEeHus [3].
CunbHbe GOPMBI CBUIETEIBCTBYIOT O Pa3BUTHU CIOKHBIX COIMO-TIPHUPOIHBIX TH-
OpuI0B, 0O0OBEAMHSIIONINX YeoBedeckoe u HeuenoBeueckoe [4]. Crnabbie dhopmsl,
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BBICBEUMBAIOT MHOW 3P QeKT: TpuyM( TEXHOJOTHH, HAIIPABICHHBIX Ha BTOPKEHHUE
B MHUp KHBOTO, «CPAIIEHHOCTH» C TEXHOJOTHAMH, aMOMBAJICHTEH U MOXKET COIpO-
BOKAATHCSI HETaTUBHBIMH 1MOOOYHBIME 3¢ dexTamu. Pasnuunbie KnboprusupoBaH-
HbIe (OPMBI, KOTOpBIE MPEBOCXOJAT OHMOJOTHYECKHE OTpaHMYEHUS, MOPOKIAAIOT
METaTEeNIECHOCTh KOH(IMKTYIOUIYIO C OMBITOM 4yBCTBEHHOT'O BOCIIPUSTHSI.

MeTonomorusl UCCIENOBAaHUS ONUPAETCS HA TEOPETHYECKHH M KOMITapaTH-
BUCTCKMHM aHalIu3, NMPUHLUI I€PMEHEBTUYECKOW HHTepnperauuu. Ham noaxon
CBSI3aH C TMOTPEOHOCTHI0 OOOCHOBaHMS HEOOXOAMMOCTH YelIOBEKOOPHEHTHPOBAH-
HBIX TEXHOJIOTHM.

3akiouenne. Baxxnoe /i1 OMOHUKH COOTHOLICHUE «3AECh-BHYTPU» M «TaM-
BOBHE» ITOKa3bIBAET, YTO B 00JIACTH «37ECh-BHYTPU» MBI BBICTYIIaEM KaK CyOBEKTHI
CO BCEMH BHUTAIBHBIMH M TCHXO(QHU3UOIOTHUYECKUMH OCOOEHHOCTSAMH, a «TaM-
BOBHE» MBI MPEJICTAEM «KaK CETH 3HAYMMBIX U MaTepPHAIbHBIX OTHOIICHUH [5].
CBsi3ka MEXIy «3AE€Ch-BHYTPU» M «TaM-BOBHE» BBICBEUMBAET KaHaJl, yKa3bIBalo-
MIMHA Ha OTHOUICHUS «BXOJ-BBIXOJ» C TpPeOOBaHHEM, COCTOSIIIEM B TOM, YTOOBI
TEXHOJIOTMYECKHH apTedakT ObUI alanTUBEH K opranuke. Pacmupenue yeiaoBeye-
CKHX (DYHKIMOHAJIBHBIX BO3MOXKHOCTEH, KuOoprusaius [4] u cyneprexHosoruye-
CKO€ YBEIMYECHHE PECYypCOB OPraHM3Ma, YTO YacTO OLEHMBACTCA Kak CBOeoOpas-
HBIH BBIXOJ 3a IPEAEIIbl KHOPMAIIBHOT0», BBI3BIBAET BOIPOC: NMPEANIOUTYT JIH JIFOIU
€CTEeCTBEHHBIM OpraHaM apTe(akThl U BO3PACTAIONIYIO 3aBUCUMOCTD OT MAIlIUH?

CrucoK UCTOYHUKOB

[1] Clark A. Natural-Born Cyborgs: Minds, Technologies, and the Future of Human Intelligence.
Oxford, England, Oxford University Press, 2004, 229 p.
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MITY um. H.3. baymaHa, Mockea, Poccus

Annomayusn. B 0630pHom 0okiade npedcmasienvl pe3yibmamsl peueHus psaoa akmyaib-
HbIX 3a0ay 8 0Oaacmu UCcied08aHus MenaoPUIULECKUX CBOUCHE MBEPOOMENbHbIX HAHO-
cmpykmyp. Obuapyicen psao 3aKOHOMEPHOCMEU, CEA3AHNHBIX C NPOAGLEHUEM KEAHMOBLIX,
PA3ZMEPHBIX U NOBEPXHOCMHbIX 3P pexmos (oepanuuenuit) Ha Hanomacumabax. B wacmno-
cmu, pao 3¢gexkmos yoanocs oOHapydcums 61a200aps NPUMEHEHUI CPeOCME Nepchnex-
MUBHO20 MEMOOA MOOETUPOBAHUA — MAWUHHO20 00YYeHUsl, BKIIOUAS UCNONb308AHUE Hell-
DO-380IOYUOHHBIX NOMEHYUATLO8.

Knrwouesnie cnoea. menﬂonpoeodHocmb, ¢0HOH, anuzomponus, wmepoxoeamocms, Mautun-
H0-06yll€HHbl€ nomeHyuaivl

BBenenue. B nanHoii paboTe paccMaTpUBAIOTCS HAHOCTPYKTYPHI, TPEICTABIISAIO-
mue co0oil TBEpAOTEIbHBIE CTPYKTYPHI, XOTS OBl OAMH M3 Pa3MEpPOB KOTOPBIX
MEHBIIIe WM paBeH [UIHHE Tpo0era NepeHOCYNKOB SHEPTHH B MaKPOCKOIIYECKOM
obpasme (mpek/e Bcero peys o (poHoHax). B mociemanne roapl B 00IacTH pacyeTa
TemTo(pU3NIECKUX CBOWCTB HAHOCTPYKTYp HaOmrogaeTcsi HOBasl BOJIHA Pa3BUTHA,
CBSI3aHHAS C yJIYYIICHHEM TEXHHK YHCIEHHOTO MOZEIMUPOBAHUS U HATYPHOTO JKC-
NEepUMEHTa. JTO MO3BOJSIET BBISBISATH HOBbIE 3aKOHOMEPHOCTH W YTIYOJISTHCS
B MEXaHH3M MOSIBIICHUS] KBAHTOBBIX, PAa3MEPHBIX U MOBEPXHOCTHBIX 3(PPEKTOB Mpu
WCCIIEZIOBAaHNH TEIUIONPOBOIHOCTH U TEIJIOEMKOCTH HAaHOCTPYKTYp. Jlanee mpuso-
JUTCST 0030p PeUICHHs psfa aKTYaIbHBIX 33J1a4, MPOBEJACHHBIX HAYYHBIM KOJUICK-
THBOM 3a MTOCIIEHAE TOMBI.

MeToabl U MaTEPUAJIBI, PE3YJIbTATHI.

1. IlpobGnema ydera peanbHOW MOP(OIOTHM HAHOCTPYKTYpP TPH B3aUMO/IEH-
CcTBUHM (POHOHOB C TOBEPXHOCTHIO 00pasia, 4To SBISIETCS OTIUYUTENHHON depToit
HaHOCTPYKTYp, KOTOpasi He BCTPEUAeTCsl B MAKPOCKOMMMIECKUX 00pa3uax.

Tak B pabore [1] mpoBemeH pacyeT TEIIOMPOBOJHOCTH HUTEH W3 KPEMHHS
nuametrpoM oT 1 uHm no 1 MM B auamazone temmneparyp ot 100 K g0 350 K ¢ wuc-
MOJIb30BAaHMEM COOCTBEHHOTO PAaCYETHOTO KO/a, OCHOBAHHOT'O Ha KIIACCHYECKHX
Moxensx: moaenu dykca — 3oHaXaiMepa I ydera pasMepHoro s dexra, Hemm-
HEHHOM MOJENH TUCTIEPCUH [T yueTa KBaHTOBOrO 3ddekra u Mojenu 3aiimana —
Coddepa mis ydera BIUSHHUS CpeAHEW KBaJpPaTHYHOW IIEPOXOBATOCTH HHUTEH.
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AHanM3 pe3ysbTaTOB pacyeTa IoKa3all CyIIECTBEHHYIO YyBCTBHTEIBHOCTH TEILIO-
MPOBOJHOCTH KakK K JUaMeTpy oOpasia, Tak ¥ K MOPQOIOTHH MOBEpXHOCTH. Tak
KaK B OKCIIEPHUMEHTAJbHBIX paboTax MO ONpelesiCHHIO TEIUIONPOBOAHOCTH HAaHO-
HUTEH MPAaKTUYECKU HE MPUBOJSATCS JaHHbBIE MO MEPOXOBATOCTH MOBEPXHOCTH HC-
ClleyeMbIX 00pas3loB, TO B pacdeTax yAaeTcs NOCTUTHYTh XOPOILEro COOTBET-
CTBUSl C OSKCHEPHMEHTOM IIyTEM HCIIOJIb30BaHUS IIEPOXOBATOCTH B KadecTBE
Bapbupyemoro napamerpa. Cam ¢axT Takoil BO3SMOKHOCTH TIOAYEPKUBAET HEO0XO-
JUMOCTh aHajn3a MOPQOJIOrUM MOBEPXHOCTU 00pasna MpH 3KCIEPHMEHTAIbHOM
OTIpeJIeNICHHH TEIUIONPOBOIHOCTH, TaK KaK 0e3 3TOT0 HE MPEJICTABISAETCS BO3ZMOXK-
HBIM JalibHElIIee COBEPILICHCTBOBAHUE M CO3JIaHHME HAJEKHBIX METOJOB pacuera
TEeIIO(U3UIECKUX CBOWCTB HAHOHUTEH, TaK U B [IEJIOM HAaHOCTPYKTYP.

B pabote [2] pa3BUTHI HOBbIE TEOPETHUESCKHAE OCHOBBI pacieTa MpOoLECcCOB pac-
cestHHsI (JOHOHOB Ha IIEPOXOBATHIX MMOBEPXHOCTIX HAHOCTPYKTYDP, OCHOBaHHBIC Ha
CTaTUCTUYECKOM TEOPUH CIy4YalHBIX LIEPOXOBATHIX MOBEPXHOCTEH W aHAINU3E yT-
JIOB OTPaKCHUS OT TAKHMX MOBEpXHOCTe. B [4] mpeyioxkena Moemb /ISl OMIMCaHUS
paccesHHsS Ha IIEPOXOBATHIX TPAaHHIAX C OJHOBPEMEHHBIM YYETOM «BBICOTHD»
U «IIeproja» NIEPOXOBaTOCTH, OCHOBaHHAs Ha MOJU(HUKALUHN KIACCHYECKOTO MO/-
xoza 3aiimana — Coddepa.

PaccmoTtpena 3ajada o mepeHoce Teriia B TpadeHOBBIX JICHTaX C HaJIHYHEM
NEPHOIUYESCKHUX TPSIMOYTOJIBHBIX CTOJOYATHIX BBICTYNOB Ha MOBepXHOCTH [3].
CpaBHEHHE pE3yJIBTATOB pacyueTa, IOJNyYeHHBIX B paMKax Mojenu bombivana
U METOJIOM MOJICKYJISIPHOWH TUHAMHUKH, TIO3BOJIMIIO KOJMYECTBEHHO OIICHUTH OTHO-
CUTEJBbHBIA BKJIaJ BOJIHOBOH M KOPIYCKYJIAPHOH NpHpoAsl (JOHOHOB B MPOLECC
TeTJIoNepeHoca.

2. Hapsimy ¢ pasmepHbIM 3((eKTOM, BaXKHBIM HATpaBJICHUEM SIBJISETCS MCCIe-
JIOBaHHE KBAHTOBBIX OIPaHHYCHHH, MPOSBIISIONIMXCS B JTMCKPETHOCTU SHEpreTHde-
CKOTO CIIEKTpa U CYIIECTBOBAaHWH MOBEPXHOCTHBIX MOJI. B 4acTHOCTH, ObLIH BBISB-
JICHBl aHOMaJlbHble OCOOCHHOCTH IOBEACHHSA TEIJIOEMKOCTH HAHOCTPYKTYD
(HOHOIIGHOK, HOHOHHTEH U KBAHTOBBIX TOYEK KpeMHUsI pazmepoM oT 1 1o 5,43 Hm)
npu Temmneparypax Hwke 40K [5, 6]. Bo-mepBbix, B jauama3zoHe pa3MepoB oT 1
10 5,5 HM 1okazaHa 3aBHCUMOCTH TEIUIOEMKOCTH 3THX OOBEKTOB OT pa3smepos. Bo-
BTOPBIX, BIIEPBbIC YCTAHOBJIECHO, YTO 3aBUCHMOCTU TEIUIOEMKOCTH HMEIOT BHJI
Cy~T™ET) | To ecTh mOKA3aTeNM CTENEHM 3aBHCAT OT TEMIEPATyphl M pasMepa
crpykrypbl L mpu temmeparypax Hmwke 130K (TemmeparypHas rpaHuiia cBsi3aHa
C BO3HMKHOBEHHEM KBaHTOBO-pazmepHOro sdgekra). [IpoBeneHHbIC BBIYMCICHUS
CTaJI BO3MOXKHBI OJ1aroJaps MCHOJIb30BaHUIO MAIIMHHO-00yYEHHBIX MMOTECHIINAJIOB,
obecrieuynBarONMUX Kak 3QGEeKTUBHOCTD, TaK U HAJICKHOCTh MOJICITHPOBAHUSL.

31ech OTAENBHO XOTENOCh Obl MOAYEPKHYThH, YTO B MOCIEIHHUE TOABI HEHpO-
aBONMOIMOHHBIA moTternnan (HOII) [7], oTHocsmuiics K Kiaccy MalldHHO-
00yYEHHBIX TIOTEHIMAJIOB, 3aPEKOMEHIOBAJI ce0sl, KaK OJIMH U3 HauboJiee mepCcreK-
THBHBIX WHCTPYMEHTOB [UISi MOJEIHPOBAHMS TEIUIOQU3NUECKHX CBOWCTB HAaHO-
CTpyKTYyp. Ero kirodeBoe MpEeMMYIIECTBO 3aKIOYaeTCS B COUYCTAHUHM BBICOKOM
TOYHOCTH 8D iNiti0 — MeTOH0B M BBIYUCIUTENEHON () (PEKTUBHOCTH KIACCUIECKHX
MeXaTOMHBIX noTeHuanoB. HOIl o0ydeH Ha JaHHBIX KBaHTOBO-MEXaHHYECKHX
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pacueToB (Takux Kak, GYHKIMU TUIOTHOCTH COCTOSIHUI) U MOATOMY CIIOCOOCH BOC-
MPOU3BOJNTH SHEPTUU M CHJIBI aTOMHBIX KOH(UIypaluid, 4TO TO3BOJISET CyIIle-
CTBEHHO PACIIMPHUTH NPOCTPAHCTBEHHO-BPEMEHHBIE MACIITA0bI MOICIMPOBAHHUS.

3. Ananu3 GoHOH-(HOHOHHBIX B3aMMOJICHCTBUHN H yUET BIHUSIHUS aHU30TPOTIHH.

B pabotax [8, 9] mpoBeieH pacyeT TEIUIONPOBOTHOCTH rpadeHa ¢ ydIeToM
JIByX BOKHBIX 0COOCHHOCTEH. BO-TIepBBIX, 3TO yUeT MPOCTPAaHCTBEHHON aHU30TPO-
nun cBoWcTB [8] rpadena, B TOM YHCIEC 3aBHCUMOCTH CKOPOCTH (DOHOHOB
OT HaIIpaBJICHUS PACIPOCTpaHeHUs. Bo-BTOPBIX, MPUMEHEHHE CaMOCOTJIACOBAaHHOM
WTEpPAaTUBHOU CXeMbl pelieHus: MeTojioM Monte-Kapio, yuuThiBarolieil B3auMo-
CBSI3b HOPMAJIBHBIX IPOILIECCOB U MpoleccoB mnepedpoca [9]. Pacuer mposenen
C HCIIONIb30BaHUEM COOCTBEHHOTO KOZid, B OCHOBE KOTOPOTO JIKHUT BBHIIOJHEHUE
3aKOHOB COXpPAaHEHHUSI UMITyJbca M DHEPruH Ui QOoHOHOB. PesynbTaThl pacuera
BBIIBIJIN CYILIECTBEHHYIO aHU30TPOIINIO TEIUIONPOBOJHOCTH — TaK B 3aBUCUMOCTH
OT OpHEHTAINH rpadeHa TerIoNpOBOIHOCTD OTIMYAETCS MOYTH B JBa pasza. Takxke
MOATBEPKICHA HEOOXOIUMOCTh y4yeTa He TOJBKO TPeX()OHOHHBIX MPOIIECCOB, HO
U B3aUMO/ICHCTBHIA 00Jice BBICOKOTO MOpsiika (4-ro U BbIIIE).

Taxke OTAENBPHO XOTENOCh ObI BBIACTHUTH 3a/1ady 00 W3y4eHHH (QIIyKTyamnui
TeMIlepaTyp B HAHOCTPYKTypax. B padore [6] ycTaHOBIEHBI 3aBHCUMOCTH (PIYKTY-
aIil 0T TeMIlepaTypbl U pa3MepoB CTPYKTyphl. 1lokasaHo, 4To MpH CTpeMIIEHHH
TEMIIepaTyphl K HYJO (PIyKTyalluu TaKkKe CTPEMSTCS K HYJIO, YTO COOTBETCTBYET
teopeme HepHcra 13 TepMmonnHamMuKu. BaxHO MOAUepKHYTh, YTO 3HAHUE (PIYKTY-
aIuil TeMIepaTypsl MO3BOJISET MPOBECTH OLIEHKY TOYHOCTH TEMIEPaTYPHI.

3akiouenne. [IpoBeneHHble 0030p HCCIIEAOBAaHMN MPOJEMOHCTPHPOBAIH,
9TO TETUIOU3UUECKHIE CBOMCTBA HAHOCTPYKTYp OONAZaroT PSIOM OCOOCHHOCTEH,
OTCYTCTBYIOUIMX B MAaKPOCKOIMYECKUX cucTemax. [Ipu 3ToM mpuMeHeHHe Kiaccu-
gyeckux ab initio MeTo10B OKa3bIBacTCs IMOO CIUIIKOM 3aTPAaTHBIMH, JTHOO HEIo-
CTaTOYHO TOYHBIMH, YTO NMPHUBOJUT K HEOOXOAMMOCTH HAMHCAHHUS COOCTBEHHBIX
KOZIOB M HCIOJBb30BAaHHUIO MEPCIEKTUBHBIX CPEACTB MOJEIUPOBAHUS, TaKUX Kak
MPUMEHEHUE HEHUPO-3BOTIOLMOHHBIX TOTEHIIUAJIOB.

CnuUcoK UCTOUYHUKOB
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Annomauyusn. B pabome npedcmasnena 08yXKpUMepuaibHas cucmema npeoukmusHo2o
00CIYAHCUBAHUS YULTLEPO8 HA OCHOBe Hewemkol no2uku ¢ cpede LAbVIEW ¢ apxumexmypoii
U3 mpex 63auMOCBI3aHHbLIX KOHMPOoJiepos. Cucmema unmezpupyen aHaiu3 mexKyuezo co-
CMosiHUsL 000PYO0BANUSL C OYEHKOU KPUMUYHOCHU, O€30NACHOCMU U YIKOHOMUYECKOU 8adiC-
Hocmu. Dxcnepumenmanvhas anpobayus na obopyoosanuu ooavnuyst Kaomyc (Cupus,
2023-2024) noomeepouna >¢ghexmuenocmp. cokpaujenue eHe3antvix omrazos na 29 %,
docmueHyma mouyHOCmb NPOSHO3Uposanus cocmosanus Ha yposne 91,7 %, coxpawerue
8peMenU He3anaanuposanmslx npocmoes ha 35 %.

Knroueswie cnosa: npeouxmusnoe o6ciyscusanie, 08yXKpUmepuaIbHas cucmemd, Heuem-
Kas J02uKd, no00epi’cKd peuieHull, sUOPayuoOHHblll aHAIU3, Meniosds dQP@HeKxmusHoCcms,
ucmopueckue 0annvie 00 OmKa3ax

BBenenne. UwuiepHble CHCTEMBI SIBISIIOTCS JKU3HEHHO BAKHBIMH JIIEMEHTaMHU
BO MHOTHX IPOMBIIIICHHBIX U KOMMepUecknx oOwekTax. Ha oHe pacTymmx BbI3O-
BOB, CBSI3aHHBIX C PacXo/aMy Ha dKCIUTyaTalMIo0 U TEXHMYECKOe 0OCTyKUBaHHUE, Tpe-
JMKTHBHOE TEXHUYECKOE O00CITY>KHMBaHHE, OCHOBAHHOE Ha COCTOSHUH 000pYIOBaHMUS,
CTaJIO CTPATErHYECKUM BBIOOPOM TSl TIOBBIMICHUS YP(EKTUBHOCTH U CHIKEHHS KO-
JMYECTBA OTKA30B. DKOHOMHYECKHE HCCIICOBAHUS BBIABHIIM, YTO TpPAIUIOHHBIC
MOJIXO/IbI K 00CITYKUBaHNIO HEd(D(PEKTUBHBI U yBEIMIUBAIOT 3aTpathl [1, 2]. Pacmpo-
crpanenne MuTepHeta Bemeil (10T) u TexHonoruii YerBepToil MpOMBIILICHHOW PEeBO-
JIOLIMHN YCUITHIIO POJIb TIPEIUKTUBHOTO OOCITY )KUBAHHSI.

Metoabl u MaTepuaibl; pe3yJbTaThbl. PazpaboTaHa KOMIUIEKCHAsT HEYETKas
mozenb B cpene LabVIEW, npennasnadeHHas Uit HEMPEPHIBHOTO MOHHUTOPUHTA
U OIIEHKM TEXHUYECKOTO COCTOSIHWSI YMJUICPHBIX YCTAaHOBOK. MoJiellb OCHOBaHa
Ha aHaJIM3€ MATH KIIOYEBBIX MMapaMeTpoB 000pyI0BaHUS: BUOpaLU KOMIIpECCopa,
TEeMIIEpaTypHbIX M JaBJIEHYECKHX XapakTepHCTHK. CHCTeMa BKJIIOYAeT TPH B3au-
MOCBSI3aHHBIX HEYETKUX KOHTPOJIIepa: MEPBBIi aHAIN3UPYET TEKyIee COCTOSHUE
000pyIOBaHHs B PEALHOM BPEMEHH, BTOPOH OIIEHMBACT CTPATErMYeCKHe KpHTe-
pun (IKOHOMHUYECKasi BAXKHOCTb, O€30IIACHOCTD), TPETUIl MHTETPUPYET PE3yIbTaThI
JUISl TIPUHSTHUS pelleHnid. brina ucmnonp30BaHa ONTHMU3MPOBaHHAs 0a3a HEYETKUX
npaBwi, cokpamienHas ¢ 344 no 201 npasuina 6e3 MOTepu TOYHOCTH. DKCIIEPUMEH-
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TalbHas anpobanus Ha yusuiepax OonpHHIBl Kamgmyca (Cupusi) B Teuenue 12 me-
CAIEB TOKa3aja: COKpAaIeHHE KOJUYECTBA BHE3AMHBIX 0TKa30B Ha 29,4 %, Tou-
HOCTB IporHo3upoBaHus coctosnus 91,7 %, cokpaiieHne BpeMeHH He3alIaHupO-
BaHHBIX mpoctoeB Ha 35% [3-5]. Cucrema IEMOHCTPHPYET 3HAYMTEIHHBIC
NPEUMYIIECTBa Mepea UCKYCCTBEHHBIMU HEHPOHHBIMH CETSAMH, OCOOCHHO B YCIIO-
BUSIX HEOIPE/ICICHHOCTH JaHHBIX, YTO MOATBEPKIACTCS UCCIIE0BaHUAMU [6].

3akmouenne. PazpaboTaHHas NBYXKpUTepHallbHAs CHCTEMa NPEAUKTUBHOTO
oOciry>)kuBaHMsl 00ecreuyruBacT KOMIUIEKCHBIH aHallM3 Kak TEKYIIUX MapaMeTpOB
000pyZIOBaHMS B PEKHME PEaTbHOTO BPEMEHH, TaK M KPUTEPHEB 0E30IaCHOCTH U
9KOHOMHYECKOH 3((HEKTHUBHOCTH, YTO CYLIECTBEHHO IMOBBIIAET 0OOCHOBAHHOCTD
IIPUHUMAEMBIX pemeHui. CucreMa JeMOHCTPUPYET 3HAUUTE/IbHBIE TPEUMYIIECTBA
nepes TPaJUuIUOHHBIMU MeToIaMu o0ciykuBaHus. [lodydeHHble pe3ybTaThl MOI-
TBEPXKIAIOT BBICOKYIO HHTEPIPETHPYEMOCTh M HA/ICKHOCTh CHCTEMBI B pealIbHBIX
YCIIOBUSIX 9KCIUTyaTallHu.

CnuUcoK UCTOUYHUKOB
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Annomayusn. Ilpu nomowu Kpuo2eHH020 MeXaHuiecko2o Mmeniogo2o Kuoud paccmampu-
6aemcst KOHMAKMHbLL MEenI00OMEH 8 YCIOBUSX 8bICOKO20 8aKyyMa. Mexanuueckuti menio-
801 KNI0Y NpUMeHsemcs O peanu3ayuu X0100UibH020 YUKIA eOUHUYHO20 KAcKaod Kpuo-
2eHH020 MacHumno2o pegpudicepamopa. Ilo npuuune omcymcmeus IUMepamypHvix
OQHHBIX BPEMEHU MEMNEPAMYPHOU PEeNaKcayu d1eMeHmo8 KOHCMPYKYUU, NPo8oOUmMcs
IKCnepuUMerm 0Jisl ONPeOeieHUsl 6PEMEHU PelaKcayuu KOHMAKMHOU NApbl MeXAHU4eCcKO20
Menn06020 KoUaA U MePMUecKo20 CONpOMuUBIeHUs KOHMAKmMa 6 YCl08USIX 8blCOKO20 8d-
KYYMa, CMPOSIMCSL IKCRePUMEHMANbHbLE YUKIIbL OXAANCOCHUST CMYNEHel KPUOMAZSHUMHO20
pepudicepamopa.

Knrouesvie crosa. mepmuueckas nposooumMocms KOHMAKMA, KOHMAKMHOE MeEPMOCONPO-
mueneHue, MeXaHuyeckuti menyiogol Kiuio4, KPUOSEHHbLI MAZHUMHBIL pedpudicepamop,
MazHumoKaiopuseckuil 3¢pgpexm, aouabamuueckoe pasmacHUYUBAHUE

Beenenue. [locnennee BpeMsi HHTEHCUBHO BEAyTCs MCCIIEIOBaHUSI B 00JacTH Co-
3[aHUS] MAaTHUTHBIX XOJIOMJIBHUKOB, paOOTAIONINX IIPH KOMHATHBIX TeMIIepaTypax
U KPHOTEHHBIX MarHUTHBIX pedprokeparopos [1]. B cBo odepensb aist CO3MaHUs
MOCIIEHNUX, HEO0X0AUMO UMETh MH(OPMALIHIO O MEPEHOCE TeIlla B BAKyyMe MExk-
Jly TEPHOINYECKH COIPUKACAIOIINMHUCS TOBEPXHOCTAMH. Llenpio maHHON paboThI
ABJIAETCA pealn3alys PeaJbHOrO0 OJHOCTYIIEHYaTOr0 KPHOTEHHOrO IMKJIAa OXJa-
XKIICHUS C UCTIOIb30BaHUEM IKCIIEPUMEHTAIBHBIX JaHHBIX JUIS OLCHKH ITapaMeTpoB
SHEpreTHYecKoi 3¢ dexTuBHOCTH. [y 3TOrO0 paccMaTpuBaeTcs HECTAllMOHAPHBIH
Npollecc NMepeAayn Tera OT TBEPAOTO padovero Tena K TeIIONPUEMHHKY B YCIIO-
BUSIX BEICOKOTO BaKyyMa.

Metoapl U MaTepHaibl; pe3yabTaTsl. Pabounum TenoM SBISETCS MarHUTO-
kanoprueckuii Mmarepuan GANi, maccoii 7,68 1, a TEMIONPHEMHUKOM — MEIHBIH
nmuck maccort 5,35 r. TeruiooOMeH Mexay pabodnM TEIOM M TEIIONPUEMHUKOM
OCYIIECTBIISUICS MTOCPEICTBOM TEPMHUYECKOW MPOBOJUMOCTH KOHTakTa. beumm mo-
Jy4eHbI SKCIIEPUMEHTAJIbHBIC JIaHHBIE 00 M3MEHEHHH TEMIEPaTyphl TEIIONpHEM-
HHUKa ¥ pabodero Tena MpH BKIFOUYEHHOM MEXaHWYECKOM TEIUIOBOM KIIOYe B pe-
3ynbTaTe MpsIMBIX M3MepeHui. Ha ocHOBaHMM MONTy4eHHBIX SKCIEPUMEHTAIBHBIX
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JTAHHBIX YaCTUYHO OBUI IOCTPOESH XOJIOAWJIBHBINA IUKI bpaiiToHa M paccumTaHa
XOJIOJIONIPOU3BOAUTEIBLHOCTh TIPY PAa3IMYHBIX HAYAIBHBIX MEpenagax TeMIepaTyp
paboyero Tena M TEMIONPUEMHHKA T yan0p~1—3 K npH BO3a€HCTBUM Ha HUX BHEII-
HEr0 MarHUTHOTO TOJISI HaNpsHKEHHOCThIO 5 T B quamazone temnepatyp 74—78 K
(cM. puCyHOK).
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3NeMEHT XONOAMNBHOTO LyKNa bpaiToHa KPUOreHHOTo MarHUTHOTO pedpukepaTopa
Ha OCHOBEe MarHuToKanopuueckoro cniasa GdNi;

3akiiouenune. bouto mokasaHo, 4yTO BpeMs JOCTHM)KEHHUS TEIUIOBOTO PaBHOBE-
CHsl KOHTaKTHOM TMapbl MEXaHUYECKOTO TEIUIOBOTO Kifoya cocTasisieT okoio 80 ¢
NpY HaYalbHOW Temneparype Temioorsona 75 K. B paboTe nmpoBeaeHo cpaBHEHHE
C IpyruMH paboTaMH W aHaJIOraMu. DKCIIEPUMEHTAJIBHO OIpeieieHa BEeIHYHHA
MarHuTOKanmopudeckoro addexra mis padouero tema GANi, B MarHUTHBIX MONAX
3, 5u 10 Tn u auanazone temmnepatyp 48-105 K. MakcumansHOE 3HaYCHHUE Mar-
HUTOKamopudeckoro s¢dekxra cocrapnser 2,87 K mpu HavanpHOW TemmepaType
T =75 K B marnuTHOM nosie 5 Tin. Ha ocHOBaHMM 3KCIIEPUMEHTAIBHBIX JaHHBIX
paccunTaHa TepMHYecKas MPOBOJUMOCTh KOHTakTHOH mapel GANi-menp B ycio-
BUSIX HECTAI[MOHAPHOTO TEIUIOBOrO MOTOKAa B auama3zoHe temmeparyp 60-100 K.
TepMuUecKas POBOANMOCT KoHTakTa mpu T=75 K cocrasuma 3970 Br/(m?- K).

CruUCcoK UCTOYHUKOB
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Annomayusa. B pabome paccmompena 603MONCHOCMb NPUMEHEHU V2leKOMNO3UMO8
C INOKCUBUHAIPUPHOTI MAMPUYell, NOTYUEeHHBIX PASIUYHBIMU CHOCOOAMU, 8 Kayecmae Ma-
mepuanog 01 pegaexmopos anmenn kocmuyeckux PJIC. Ilpedcmasnenvt pesynomamoi
MEXAHUCUYECKUX UCILIMANULL NOTyYeHHbIX 00pasyos. Ilokazano, umo memoo npeccosa-
HUsl obecneuueaem Hauryuuiue nokasamenu npoyHocmu, scecmxocmu u KJITP yenennacmu-
Ka. Bo3ModiCHbIM ocparuueHuem 0N NpUMeHeHUs paspabomaHHO20 KOMROUMA AGNAemcs
HU3KAS MENCCIOUHAS NPOYHOCNIb CYENIeHUs U HeOOCMAMOYHAs mpewuHocmoukocms. [l
peuterusi OaHHOU npobdaemMsbl 6610 NPEONIOHCEHO UCNONLIOBATND MEPMONIACIUYHYIO MaAMm-
puyy, a makdce nposecmu MOOUGUKAYUIO MEPMOPEAKMUEHOL CMOTbL MEPMONAACTIUYHBIM
noauUsIPUPCYIbPOHOM.

Kniouesvie cnosa. yenennacmux, pediekmop awmeHHvl, paouoIoKamop, mepmoniacmel,
npeccosanue, SNOKCUSUHUIIPUPHBLE CMOIbL

BBenenne. Co3maHne OTEYECTBEHHBIX CHCTEM IHCTAHIIMOHHOTO 30HANPOBAHUS
3eMiH, KIF0UEBOE MECTO B HHPPACTPYKTYpe KOTOPBIX UIPAIOT, B TOM YHCIIe, OpOu-
TaJIbHbIE PaIMOJIOKALIMOHHBIE CPEJICTBA, SBISECTCS OJHOM M3 MPUOPUTETHBIX 3a1a4
pa3BuTH KOCMHYeCKol nesitenbHocTH Poccun [1]. Panee B MI'TY um. H.D. Bay-
MaHa ObLI pa3paboTaH yIjeruiaCTUK Ha OCHOBE STIOKCHIHOW CMOJIBI, KOTOPBIi ObLI
UCTIONb30BaH B KQUeCTBE MaTepuasa Juisi pe(IeKTopa aHTeHHBl KOCMUYECKOTo pa-
JIMOJIOKATOPA JKECTKOTO TUIA (CM. PUCYHOK).

PacueTHasi CAE Mmogenb v 06pa3seL, pechieKTopa aHTeHHbl
KOCMMWYECKOro PafMoIoKaTopa XKeCTKoro Tuna
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JpyraM TUIOM pedIIeKTOPOB SIBIISIOTCS pa3BEPTHIBACMBIC CETYAThIC Pe(IIeKTO-
PBl, TO3BOJISIIOIINE BBIBOIUTH amepTypbl 3HAYUTEIBHO OONBIIEro IUaMeTpa Mph
MEHBIIEH Macce U KOMIaKTHOM YKiIaake B o0beme oOTekaTemnss. OCHOBHBIMH TpeOo-
BaHUSMH K MarephajiaM JUIsl aHTeHH KOCMHYECKOTO PaJfoJIOKaTopa SIBJISIOTCS: BbI-
COKME MEXaHWYECKHE CBOMCTBA, HU3Kas INIOTHOCTh, HU3KuK KJITP, Beicokas Tpemu-
HOCTOHKOCTh W PabOTOCIIOCOOHOCTh B MHTEpBajie Temrepatyp ot —150 mo +170 °C.
Lenbto HacTOsMIEH pabOTHI SABJIAETCS pa3paboTKa YIIeIIaCTUKOB, COOTBETCTBYOLINX
YKa3aHHbIM TPEOOBaHMSIM M CPaBHEHHE HMX TEXHHMKO-DKCIUIyaTAal[HOHHBIX CBOMCTB
B 3aBUCHMOCTH OT TEXHOJIOTHH M3TOTOBJICHUSI.

Metoabl U MaTepuaJIbl, Pe3yabTaThl. sl W3rOTOBICHUS MCIBITATEIBHBIX
00pa3IoB KOMIIO3UTAa Ha OCHOBE 3MOKCHBHHIID(DHUPHOTO CBS3YIOIIETO U JIByHA-
npaBiieHHON yriaetkanu Mapku CW384 Obuin HCII0JIb30BaHbI CIACAYIONIME METOIbI:
NpeccoBaHMe, MHXEKIMs MOJ NaBiieHHeM, HH(QY3Us U pydHas Bbikiaaka. [lomy-
YEeHHBIC JIAHHBIE UCTIBHITAHUH 00pa3IoB YIIeIIacTHKa IPUBEICHBI B TaOJIHIIE.

PeSy.]'Il)TaTl)l MCNbITAHUH oﬁpasuos yYriaemiaiacTuka, moJay4€eHHbIX
Pas/IMYHBIMHA METOJAMHA

mr(x[(fzggnnﬂ o, MIla E, I'lla €, % P, rlem’® JIBJ%T}‘(P’l
IIpeccoBanue 8944+560 683+54 31+02 150+001 11+0,3
Wuxexuus 820,1+453 66,1+4,7 22+02 148+x002 12+04
WNudyszus 4698+180 385+16 17+05 148+002 16+04

Pyunas Beikmanka  563,2+482 579+83 12+03 144+003 22+05

MexcoifHas POYHOCTh MPU OTPBIBE JIJIS BCEX HCIIBITAHHBIX 00PAa3IloB Jiexa-
na B unTepBane 0,15-0,25 xJ[/M2, 4T0 MOXET OBITH HEAOCTATOYHO JUIS JINIEBBIX
CJIOCB M CHJIOBBIX DJIEMEHTOB Pe(ICKTOPHBIX TMaHenei. [ yBeInvYeHus] JaHHOTO
MoKasaress MpeaiaracTcsl UCTIoab30BaTh pazpadboranusic B MI'TY nMm. H.O. bay-
MaHa CYMEepPKOHCTPYKIIMOHHBIC TEPMOILIACTHI, Takue Kak momuapunaTtel (ITAP),
nonddupcyibdonst (IIDC) u nonmusdhupumuas (II3U), B KayecTBe MOJTUMEPHBIX
MAaTPHII YTIIEKOMITO3UTOB [2]. [l TakMX MaTepHaaOB XapaKTEPHBI 3HAUEHUs Tpe-
mmHocTolikocT mopsaka 0,6-1,5 kJ[k/M2 U BbIle, YTO JAOCTUTACTCS Oiaromapst
BSI3KOMY PACCESHUIO SHEPTUU B IUIACTUYHOM MAaTPHIE IPU POCTE TPEIIUHBL. Jpy-
UM TIOJIXOJI0M YBEJIMUYCHHS TPEUIMHOCTOWKOCTH MOXKET CTaTh MOIU(UKAIUS
STMOKCUIHBIX CBS3YIOMMX TepMmoruiacTudabiM [19C, 4TO, B 3aBUCMOCTH OT THIA
SIIOKCHIHOM CMOJIBI, ITO3BOJISIET YBEINYNTE JaHHBIN moka3arens Ha 50-200 % [3].
DTO JOCTHTaeTcs 3a CUYET WHAYIUPOBAHHOTO IMPH OTBEPKACHUU (Da30BOTO pasjie-
NeHus1, GOPMHUPOBAHUS TUCTIEPCHBIX TEPMOIUIACTHYHBIX JOMCHOB U Pa3BHUTHS IUIA-
CTUYHOCTU B MeX(]a3HOH 007acTH, YTO B COBOKYIMHOCTH YBEJIUYHMBACT WU3BHIIU-
CTOCTb IIYTH TPEUIMHBI U pabOTy pa3pylICHHS.

3akuouenue. [TonyueHHbIC Pe3y/IbTaThl UCTIBITAHUNA 00PA3IIOB YIICKOMITO3H-
TOB 3HAYUTEIBHO PA3IHUYAIOTCS B 3aBUCHMOCTH OT METOJ@a MX MOJYYCHHUS, YTO
OUYEBHTHO OOYCIIOBIICHO pa3iMYveM B Ka4eCTBE NMPOMUTKH BOJOKHA M KOHCOJH]IA-
IIUU TIPETIPETOB, a TAKXKE IMOPUCTOCTH MOJYUESHHBIX KOMITIO3UTOB. Mcxos u3 mony-
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YEeHHBIX JIAHHBIX, JUISI M3TOTOBIICHUS JIeTaJell COCTaBHBIX dacTel peduiekTopa aH-
TEHHBI PaINOJIOKATOpa PEKOMEHIYETCsl METO/I PECCOBaHMsl. BO3MOKHBIM OTpaHH-
YeHHEM JUIsl TPUMEHEHHs pPa3padOTaHHOrO MaTepualla MOXKET HeJOCTaTOYHas
TPEIIUHOCTORKOCTh, KOTOPYIO MpPEAIaraeTcs MOBBICHTh MEPEX0J0M K TepMOILIa-
cruunbiM MaTpuuam (IIDU/TIDC/TIAP) nmubo mMoaupukanueid 3MOKCUIHBIX CBSI3Y-
torux TepmoruactTudHbiMu [19C, paspadorannsivu B MI'TY um. H.O. baymana.

CnuUcoK UCTOYHUKOB

[1] MenglL., YanC., Lv S eta. Synthetic Aperture Radar for Geosciences. Revol. Geophys., 2024,
vol. 63, no. 3. https://doi.org/10.1029/2023RG000821

[2] Storozhuk I.P., Khina A.G., Bulkatov D.P. et a. Synthesis and Study of Melt Processing
of Polyarylate-Polysulfone Cardo Block Copolymers. Pol. ci., Series B, 2024, vol. 66, no. 6,
pp. 693-702. https://doi.org/10.1134/S1560090425600275

[3] Storozhuk I.P., Bulkatov D.P., Khina A.G. et al. Development of Polyethersulfones for Modifi-
cation of Epoxy Resins. Pol. ci., Series B, 2024, vol. 66, no. 4, pp. 514-523.
https://doi.org/10.1134/S1560090424601481
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0cobeHHOCTM NOATOTOBKN MAarucTpoB Ha Kadeppe
TexHocepHoii 6e3onacHocTu B PXTY um. [.. MeHpeneeBa
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PXTY um. [J.1. MeHoeneesa, Mockea, Poccus

Annomayus. Paccmompensl ocobennocmu noO20MOGKU MA2UCMPO8 NO  HANPABIEeHUIO
«Texnocghepnas 6ezonacnocmv» 6 PXTY um. J[.H. Menoeneesa, npedcmasiensl 0CHO8HbIE
npenoodagaemvle OUCYUNIUHBL, CROCOOCMEYIOujUEe HeMPUBUATLHOU NO020MOGKe MASUCIPOE
no npocpamme «bezonacnocmes mexHoI02UHeCKUX npoyeccos u npou3600Ccme.

Kniouesvie cnosa: obpazosanue, mazucmpamypa, noo20moska Ma2ucmpos, Hanpagienue
mexHocgepuast be30nacHocms

BBenenue. Baxneiimeii mpobiemoli cOBpeMEeHHOCTH SBJIsieTCA obecrieuenne 0es-
OMACHOCTH TEXHOJOTMYECKUX MPOIECCOB M MPOU3BOJACTB B PA3IMYHBIX OTPACAX
MPOMBIIIUIEHHOCTH, TaKUX KaK XHUMHUYECKOW, HEPTEXUMHUUECKOH, (apMareBTHYe-
CKOHM, KOKCOXUMHYECKOH, MUINEBOM. DTa 3ajjaua MOXKET ObITh PElIeHa MCKIIIOYH-
TEJIHO B PE3yNbTaTe KOMILIEKCHOTO MOJIX0/a, BKJIIOYAIOMIETO B ceOs TEXHOJIOTHU-
YECKYI0 M JKOJOTHYECKYI0 0e30MMacHOCTh MPOU3BOJCTBA, CO3/aHUE OE30ITacCHBIX
YCIJIOBUH TpyJia, a TAK)KE PElIeHUE psifja OPraHU3aLMOHHBIX U IPABOBBIX BOIPOCOB.
JaHHBII TOIX0] MOKET OBITH pealn30BaH TOJIBKO MPH HAIMYHHA BBICOKOKBANHA(H-
UPOBAHHBIX CHEIUAINCTOB B 3TOW 00JIACTH.

MeToabl u MaTepuaJibl; pe3yabTaThl. OOecrieueHne BHICOKOTO KauecTBa 00-
pasoBanus B PXTY um. J[.M. MenneneeBa, ero cOOTBETCTBUE 3aBTPAIIHUM TpeOo-
BaHUAM, NIPEABABISIEMBIM K BBIITYCKHUKAM, SIBJIAETCS IIEPBOOUYEPETHON 3aaaueil.

ITonroroBka MarucTpoB Mo HarpaBieHHto «TexHocdepHas 0€30MacHOCTh» 10
nporpamMme «be3omacHOCTh TEXHOJOTHYECKHUX MPOIECCOB M MPOU3BOACTB» OCY-
mectBisercs ¢ 2013 rona na kadpenpe Texnocdepnoit 6e3onacHoctu (TCB) Un-
JKEHEPHOTO XHMHKO-TeXHOJormdeckoro ¢axyiasreta (MXT) moxm pyKOBOICTBOM
npogeccopa H.U. Axununa. Beero ¢ 2013 no 2025 rr. nmoarorosieno 110 maru-
CTpOB.

Kadenpa TCB siBiisieTcst 6a30ii 17151 MOJITOTOBKU MaruCcTPOB, 00JIaIat0NUX He-
00X0AMMBIMH 3HAHUSIMHM, YMEHHSAMH M HaBBIKAMH B OOJACTH NPEIOTBpAILICHHS
MPUYUH U JIUKBUIAIUH TIOCIEICTBUI IPOMBIIINIEHHBIX aBapuil U KaTtacTpod, oxpa-
HBI TPyZa, OKapHOM U IKOIOTHYECKOH 0€30MacHOCTH.

B nepevens gucrmiuind [1], mpernogaBaeMbIX B MarucTparype, BXOIAT, Kak
KypcChl, Hecymue GyHIaMEHTAIbHBIA XapakTep, MOBBIMarone 6a30Byr0 00pazo-
BaHHOCTb MarucTpoB, TaK U CIELUAIbHbIE AUCIUIUIMHBI, HAlPaBICHHBIE HA MOIY-
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YeHHE HKCKITIO3UBHBIX 3HAHUH B 00JIACTH 0€30IaCHOCTH XHMHKO-TEXHOJIOTHIECKUX
nporeccoB. CrienuanbHble TUCHUIUIMHBI MPEToAaoT BeAyIIHE Y4YeHBIE B CBOHX
00macTsIx.

Kadenpa TCh pacnonaraeT HeOOXOAMMBIM KOJMYECTBOM TMPUOOPOB B 000pPy-
JIOBaHUS, B TOM YHUCII€ YHUKAIBHOIO, AJISl MOATOTOBKA MarucTpOB U MPOBEIACHUS C
HUMH CIICIHATbHBIX JUCIHUIUIAH, HE MPEMoaBaeMbIX B Ipyrux By3ax [2]. B yue6-
HOM Ipoliecce, a Takke pu BoinoHeHun HUP cTyneHToB, K1poKo 3a1eiCTBOBaH
Ientp xomtextuBHOro nosb3oBanus PXTY um. J[.M. Menaeneera [3], KoTOpbIii
pacronaraetr yHUKaJIbHBIM 000pyI0BaHUEM.

[Ipu 3TOM MOXHO OTMETHTH, YTO Ha Kadelpe OCTAIOTCS HEKOTOPHIC TPYIHO-
CTU IpHU HOArOTOBKE MArvCTPOB, 3aKJIIOYAIOLIUECS B HEXBATKE CBOECBPEMEHHOI'O
O0OHOBJICHUSI MaTepHaIbHO-TEXHUIECKOW 0a3bl, B YaCTHOCTH O0OpYAOBaHUE KOM-
MBIOTEPHBIX KIJIACCOB.

Becy HayuHBIE W MaTepHATbHO-TEXHUYECKUN TOTCHIHAN Kadeaphl 3aaei-
CTBOBaH B Y4eOHOM MpOIIECCE, MMO3TOMY BBIITYCKAIOUIHECS MATUCTPHI HMEIOT OIIBIT
MPOBEJICHUS HAayYHBIX HccienoBaHuil. OOydaroniiecss y4acTBYIOT B TOJTOTOBKE
HaYYHBIX cTaTell M B pa3IM4HbIX KOoH(pepeHIMsx. Exxeronno npooautcs Mexay-
HapOJHBIM KOHIPECC MOJOMABIX YYEHBIX MO XUMHUU U XMMHUYECKOW TEXHOJOTUU
(MKXT), Ha KOTOpPOM B paMKaX CEKIMH «CIENHaNbHAsA XHMHUS, OKAPHAs B IPO-
MBbIIIUICHHAsT 6€30MacHOCTh (TEXHOJIOTUH M MaTepHalIbl CIICIUAIBLHOTO U JIBOWHOTO
Ha3HAYCHHs, MMOXKAPO- U B3PHIBOOE30IMACHOCTH)» O0YYaONIUECs MPEICTABISIOT
pesynbraTtel cBoux HUP, Taxke perynspao mpoBogutcs MexyHapoaHas KoHpe-
PEHLIMS MOJIOJIBIX YUEHBIX IO IpodieMaM TexHochepHoi 6e30IacHOCTH.

3akmouenue. basupysce Ha PyHmamente, cozmananoM Ha UXT dakymsrere
OCHOBATEIISIMH HAYYHOH MIKOJNBI HAJIEKHOCTH M OE30MaCHOCTH TEXHOJIOTUYECKUX
MporeccoB, Kadeapa BHECHA CYIMIECTBEHHBIH BKJAaX B TOATOTOBKY MarumcTpOB
1 Pa3BUTHEC HAYKH.

CoueTanre MHOTOJIETHETO OIBITA MPENOJaBaHUsi B YHUBEPCUTETEC U aBTOPU-
TETHOW HAYYHOU IIKOJIBI, HATWMYNE BHICOKOKBATH(UIINPOBAHHBIX CIIEIUATHCTOB —
JOKTOPOB U KaHIIU/IaTOB HAYK, HECOMHEHHO, CO3/1aeT OJIATONPHUSITHBIC YCIOBUS IS
MOJTyYeHHs BOCTPEOOBAHHOM CIIEIUATIEHOCTH M MIOATOTOBKY MarucTpPOB.

CnMUcoK UCTOYHUKOB

[1]  Vuebuwiii nnan no npoepamme macucmpamyper no nanpaeienuto noozomosxu 20.04.01. URL:
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[3] Lenmp xornexmusnozo nonvzosanus PXTY um. [I.H. Menoeneesa. URL: https.//www.muctr.ru/
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Mopgenb ynpaBneHns puTMUYECKOW aKTUBHOCTbIO
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" Mricmumym npo6aem nepedayu urgpopmayuu um. A.A. Xapkesuda PAH, Mockea, Poccusi
ZMITY um. H.3. baymana, Mockea, Poccusa

Annomayus. Ilpeonoosicena supmyanvbras Mooeib MHO20CE2MEHMH020 poboma-pulobl 04
UCCTIeO08AHUS PASTUYHBIX APXUMEKMYD PUMM-2eHEPUPYIOUUX MOOenell HelPOHHBIX cemel
npu ynpasnenuu nepeogudiceruem. IIpeonoscennas KOHCMpYKyus cooepircum 0e cmeneHu
€80000bl HA ce2MeHm U MOdcem YNpasiamvcsa 08yMA 2UOPOYUTUHOPAMU O0B80UHO20 Oeli-
cmeus Ha ceemenm. Taxas ocobeHHOCMb N038oAem 6e3 OONOTHUMENbHBIX NIAGHUKOS Me-
HAMb HANpAsieHue MU npu 60THOOOPASHBIX OBUNCEHUAX He MOTbKO 8 20PU3OHMATLHOL
RAOCKOCU, HO U 8 BEPIMUKATLHOU, YMO obecneyugaem wupoKue 603MOHCHOCIU MOOeTU-
DOBAHUA HA TNAKOM UCCAE008AMENLCKOM PODOMe PA3IUUHbIX MOOenell HeUPOHHbIX cemel
CHUHH020 MO32a pblb. B 0oknade paccmampusaiomes cywjecmsyiowue Mooenu HeupoHHbIX
cemeil 0151 ynpasneHus 60JHO0OPAIHLIMU OBUICEHUAMYU TeNd PblObl NPU NOCMYNAMETbHOM
0BUIICEHUU U NPEONA2AIOMCI HA UX OCHOGE apXUMeKmypa CHOCOOHAs YNpAaeiims 6blOpaH-
HOU KOHCcmpyKyueu. [[ns npeonodjiceHHOUu MOoOenu UCCAeOVIOMCs Memoobl adanmayuu,
VAPAGLEeHUsL, USMEHEHUs. CKOPOCMU U (pa3bl MOMOPHBIX NPOSPAMM.

Kniouegvie cnosa. pobom-puida, yenmpansbubie-2eHepamopvl pumma, UMRYIbCHble MOOeIU
HePOHHbIX cemell, MOOYIUPOBAHUE UOHHBIX KAHALO08, MOOYIbHAS OP2aHU3aAYus Helpoce-
meil CNUHHO20 M032a, NePEKNIOYeHIe MOMOPHBIX NPOSPAMM

Benenue. POOOTHI-pHIOBI YACTO CTAHOBSATCS] MOJICIEHBIMU OOBEKTAMH TIPH TTOHCKE
HOBBIX QJITOPUTMOB YIIPABIEHUSA OMOHMYECKMMH KOHCTpyKumsmu [1, 2]. V prid
MOYKHO BBIZICTUTH YEThIPE TPYIMIbI MBI HA KAXJIOM CETMECHTE MO3BOHOUYHHKA,
MO JIBE OTHOCHTEBHO MO3BOHOYHHKA C KAXKI0H cTOpOHbI. CerMeHThI TT03BOHOYHU-
Ka COCJMHEHBI B BHJE IIAPHUPOB C TPEMS CTEMEHSIMH CBOOOJIBI M 3TH YEThIpPE
TPYMIBI MBIIII CIOCOOHBI 00ECTeunBaTh BpAIICHUE CETMEHTa Mo TpeM ocsM. Ta-
Kas (QYHKIHS T phIO 0e3 BBIPAKEHHBIX CIIMHHBIX IIABHUKOB KaK PEYHBIE YIPH
Anguilla u mo3BossieT mepemMenaThCsi BBEPX M BHU3 TOJBKO 3a CUET BOJHOOOpa3-
HBIX JIBYDKEHHH TeJla WX XBOCTA.

MeToabl M MaTepHAJIbI; Pe3yabTaThl. J[JIs1 BOCTIPOM3BEICHUS CrIoco0a mepe-
JIBMDKEHUSI PhIO OMYIICHBI YMPOIICHHS: KOJUYECTBO CTEMeHe#H CBOOOBI Ha cer-
MEHT COKpAIIEHO J0 ABYX, U KOJNYECTBO CETMEHTOB YMEHBIIEHO, HO MaKCHMalhb-
HO BO3MOXHBIM YroJ WX TMOBOPOTA YBENIWYEH. B J0KiIane mpeacTaBiicHa
BUPTyaJbHAs MOJENb poOOTa-phIOBI. J[JIsi MOBOPOTA CErMEHTOB MpEAaracTcs Mc-
MOJIB30BATh JBA THUAPOIMINHAPA JTBOMHOTO NEHCTBUSA HA KaKIblid cerMeHT. Oco-
OCHHOCTH CTPYKTYPBI Tella PACCMATPUBAEMOT0 BUPTYaIbHOTO POOOTA PHIOBI Mpe/I-
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MOJIaraeT HaJIMYUE ABYX PUTM-TEHEPHUPYIOUUX MOMYJALUA Ha KAKIYH CTOPOHY
CerMeHTa. ODTH MOIYJIALUN COCTOST M3 HE3aBHCHMBIX LIEHTPAJIbHBIX T€HEPAaTOPOB
pUTMa THIIA MOJYLEHTp, CBSI3aHHBIE C MOTOHEHPOHAMHU OTAEIBHBIX TPYII MBIIII]
OTHOTO CETMEHTa W JIPYTHX WHTEPHEHPOHOB, MOIYIUPYIONINX AaKTUBHOCTH CETH
[3]. IIpennoxenHass apXxuTeKTypa HEHPOHHOH CETH CHMHHOIO MO3Ta IOCTPOCHA
C YYETOM CYLIECTBYIOIIUX MOJEJEH OpraHu3aliu U B3aUMOJCHCTBUS pa3IMYHBIX
THIIOB KJIETOK [4]. 3amycKk MOTOPHBIX MPOrpaMM y PbIO ympaBisieTcs ME303HIIe-
(anbHBIM JJOKOMOTOPHBIM PETHMOHOM CPEIHEr0 MO3Tra 3a CUeT CTHUMYJISLHUH TIyTa-
MaTHBIX PEIEeNTOPOB PUTM-TEHEPUPYIOIINX HEWPOHOB, (POPMHUPYIONINIT MOTOPHBIE
MporpamMmsl. [l MpeioxkeHHON MOJETN pacCMaTpUBAIOTCSl BO3MOXKHBIE KJIETOU-
HBbIE MEXaHU3MBI YIIPABICHUS W ajaNnTalnud Mpu (GOPMUPOBAHUH MOTOPHBIX IIPO-
rpamM, TIO3BOJISIOIINE YIPABISTh IepeIBUKEHUEM POOOTa-PHIOHI.

3aximouenne. [IpenoxkeHHas BUPTyasibHasi MOAETIb poOOTa-phIObI MO3BOJISIET
MPOBOJAUTH MOJIENBHBIE IKCIIEPUMEHTHI C Pa3TUYHBIMH apXUTEKTypaMu Moesneit
HEHPOHHBIX CETeW CIIMHHOTO MO3ra. J[J1s BEIOpaHHON KOHCTPYKIMU ObLiIa MpeJio-
’)K€Ha MOJEJIb PUTM-TEHEPUPYIOIIEH CETH, BOCIIPOU3BOAAIIASI OCHOBHBIE XapaKTe-
PUCTHUKH OMOJIOTHYECKMX HEHMPOHHBIX CETEH: MOAYJBbHAS apXUTEKTYpa, MOIYJISALIUSL
CKOpocTH W (a3bl 3a CUET MOLYJIUPYIOIIMX CHIHAJIOB OT J0(haMHUHEPrHUeCKUX
¥ CEpOTOHMHEPTUYECKIX HEHPOHOB, CIIOCOOHOCTH K a/IalTaIlvH.

CnuUcoK UCTOYHUKOB
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Poccutickuli yHusepcumem meduyuHsl, Mockea, Poccus

Annomayusn. Ilpeonodsceno Hosoe onpeoeiierue YeHOMEHA HCUSHU KAK cucmemvl, 061aoa-
roujeli co6CMEeHHbIM GHYmMpeHHUM Mupom. [lpednoscena 6onee onepayuoHanbHAsL MOOEb
9MO20 NOHUMAHUS HCUBO20 CYWeCmEa — CYObEeKMHAs OHMONO2USL, KOMOPAsi PACCMAMpu-
8aem JHCuBoe Cywecmeo Kaxk MAaiblil MUup co C60€i aKmMuGHOCMbIO U CUCIEMOU YEeHHOCMEIL.
Modenv cybvexmmnoii onmono2uu npeonazaemcs K paccmMOmpeHuio Kaxk meopemuieckast
0CHOBA XOMOOUOHUKU

Kniouegvle cnoea. xomobuonuka, JHcusnb, GHYMpeHHull Mup, cyovekm, cyobeKmHuas oHmo-
J102Usl, 3aKOH CYOBeKMHOCIU

BBenenne. B pamkax ujeit xomo6nonuku [1] mpesiaraetcst HOBasi MOJIEIb JKHBOM
CHUCTEMBI KaK CHCTEMBI, 00J1a/1afoIIe COOCTBEHHBIM BHYTPEHHIM MUPOM U TEJIOM.
BryTpeHHU Mup npencTaBisieT coO00W CaMOCTOATEIbHBIN OHTOJIOTHYECKUN peru-
OH, JIXKAIIN BHE PErFOHA BHEIIHETO MHUPA, HO CBSI3aHHBIM C HUM 4Yepe3 PETHoH
TEJICCHOCTH, HAXOSAIIUICS BO BHENIHeM Mupe. [logo0Has Moienbh JaBHO pa3BUBa-
€TCsl aBTOPOM B paMKax HOBOT'O HaIpaBlieHUS — (puitocopun HeOBCeeAUHCTBA [2].

MeTtoabl 1 MaTepuaJbl; pe3yJbTaThl. boiiee omeparMoHansHO JaHHAS MO-
JIeNTb KUBOTO CYIIECTBA TMPEJACTABICHA MOJCIBIO CcyOvekmuou onmonocuu [3],
B paMKax KOTOPOH JKHBOE CYIIECTBO (CyOBEKT) paccCMaTpHBAaEeTCsl Kak Tpoika S =
= (U, B, y), rne U — oHTONOTHS KaK MHOAECTBO cUTyanuii (IIOI0KEHMH 1el), Co-
3maBaeMbIx addepeHTanmell U UHTEIUIEKTOM CyObekTa, B — aghghepenmuas me-
JlecHocmb cyObeKTa, Kak MHOKECTBO TIOIOJIOKEHHH /1€, KOTOPhIE OH MOXET Me-
HSATh HETOCPEICTBEHHO, M Y — CKaJSIpHOE TIOJIe cmeneHell cebs CyOBeKTa,
3amaHHoe Ha oHTonornu U. CreneHu cebst paccMaTpuBaIOTCS KaK pe3yibTar cyOb-
€KTHOTO U3MEPEHHUsSI CAaMOCThIO CyOBEKTa TeX MM WHBIX MOJOKEHHH aen. OObBIYHO
CyOBEKT HEMOCPEICTBEHHO MEPESKUBACT CTEIEHU ce0s KaK CTEIEHH OJarompusT-
HOCTH JUIst ce0sl TOM MM MHOW cuTyalmu. B aTom cnyyae mrobast opma >KU3HH,
HE3aBHCUMO OT BHJIa TEJIECHOCTH U CTPYKTYPBI OHTOJIOTHH, BCET/Ia PEaTU3yeT OIHY
CTPATETUI0 aKTHBHOCTH, KOTOPYIO MOXXHO BBIPA3UTh KaK 3dKOH CYObEeKMHOCHIU:
CyOBEKT IMBITACTCS TAaK MEHATH MOJIOKEHUS JIEJI aKTHBHOCTBIO CBOCTO TeJa, YTOOBI
TIOBBIIIATH CTETIEHU ce0s WIIM TIPEOTBPAINATh X HaJICHUSI.

Ha ocHoBe Mozenu cyOBeKTHash OHTOJIOTHSI MOXKET CTPOUTHCS CYOBEKTHBIN
S3bIK, B paMKaxX KOTOPOTO BO3MOJKHO IIOCTPOCHHE MOJIENel pa3iuyHbIX (opM
KU3HHM M X aKTHBHOCTEW. B paborax aBTopa [2, 3] mpencTaBieHbl MHOTOYHCIICH-
HBIC PE3YJIbTAThl TAKUX MMOCTPOCHMI. Hanmpumep, MOXKET CTPOUTHCS TEOPHUS 1yBCTB,
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MIPOBOJUTECS TYMaHHWTapHAs SKCIEPTH3a MPOU3BEACHUIN HCKYCCTBA, MPEIaraTbCs
HOBBIE ITOAXOAbI B UMMYHOJIOTHHU U T. [I.

3akouenne. Bo3MoXHO TOCTpoeHHE KOHCTPYKLIUH XOMOOHOHKH C HCIIOJIb-
30BaHHUEM MojeJei CyOBeKTHBIX OHTOJNIOTHH. [lepBOHAa4YAbHO MPOCTHIE MOAETH
MOTYT Jainee Bce Oosee o0oramarbcsi BCe HOBBIMH CTPYKTYypaMH, HNPUOIIKAsCh
K MOJICTIMPOBAHHUIO TE€X WM UHBIX (parMEeHTOB 4eloBe4ecKoi GpopMmbl sxu3HH (de-
JIOBEKO-OBITHS).
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@mopcooepocawux cuoxocmeti om memnepamypul. Ilpusedenvl ananumuieckue 3a6Ucu-
MoCmu O ONUCAHUSL BAZKOCU HCUOKUX Op2aHUdecKux coeourenuil. Ilpeonosicensvt Moou-
Gurayuu mooeneil 0151 MOYHO20 PaACYema s3K0Cmu 01 2UOPOPMOpPIPUPos.

Kniouesvie cnosa: xunemamuueckas 6s33K0CMb, IKCNEPUMEHMANbHOE UCCIeA08AHIUe, AHA-
JUMUYECKUe MOOeIU, IMIUPUIECKUE 3A8UCUMOCTUL, 2UOPOPMOPIPupbl

BBenenne. B Hacrosiiee BpeMmsi TUApOGTOpIPUPHI pacCMaTPUBAIOTCS Kak Mep-
CIIEKTHBHBIN TETUIOHOCUTENb B Pa3IMYHBIX TEXHUYECKHX cHCTeMax. [l uzydeHus
IPOILIECCOB KHUIICHHUS TAaHHOTO TEIJIOHOCUTEISI HEOOXOAUMO 3HATh €ro TEeIUIo(HU3H-
YEeCKUE CBOICTBA, BKIIOYAsl BS3KOCTh. B OTJIMYME OT Ta3oB, Uil KOTOPBIX CYIIe-
CTBYIOT pa3pabOTaHHbBIC TECOPETUYECKHE MOICIH pacueTa BS3KOCTH, aHAIOTHYHOM
CTPOTOi TEOPHHU JUIsl )KUJIKOCTEH HE CyLIECTBYET. DTO OOYCIIOBICHO HMPHHIMIN-
QIBHBIMU Pa3JIMYMsMU B MX MOBeJeHUH. HecMOTps Ha TeopeTHyeckue pa3paboTky,
HHM OJTHa MOJENb HE JaeT TOYHOrO pacuera BSA3KOCTH. Ha mpakTHKe MPUMEHSIOT
HOJTYIMITUPUYECKHE METO/IbI, COUYETAIOUINE TEOPETHYCCKUE MPEANOCHUIKU, IMITU-
pHUYECKUE KOPPEIISIHH, alllPOKCHMAIINIO 110 U3BECTHBIM (DU3HYECKUM CBOHCTBAM.

MeToabl U MaTepHAJIbI; Pe3yJbTaThl. AHATUTHYCCKHE 3aBUCUMOCTH, OITH-
CHIBAIOLIME BSI3KOCTHBIC CBOMCTBA JKUJIKOCTEH, OOBIYHO BKIIOYAIOT CTPYKTYpPHO-
3aBHCHMbIC KO3()(HUIUCHTHI, OTpaKaloIIne 0COOCHHOCTH XHMHUYECKOTO CTPOCHHMS
BemectBa. [10100HbIC KOPPENIALUHE UMEIOT CYTry00 SMIMPHYECKOE POUCXOXKICHUE
U BBIBOAATCS MCKIIIOYHTEIBHO Ha OCHOBE OOpAabOTKM DKCIICPUMEHTANBHBIX JaH-
HbIX. B Hay4HOIl MTepaType NPEACTaBICHO 3HAYUTEIBHOE KOJIMYECTBO SMITUPH-
YECKHX 3aBUCHMOCTEH IAQHHOTO THUIA, OOJBIIMHCTBO M3 KOTOPBIX MPEICTABIISIOT
co0oif MoJM(HKAIMK KIACCHYECKHX METOJOB, TakMX Kak Meroipl Oppuka —
Opbapa (cpenusis norpemHocts 16 %), Moppuca (14 %), Tomaca (21 %) u Ban-
Benbriena — Kapnoso — Jlanrenkamna (17 %) [1, 2]. B Hacrosimieii padote OyayT
paccmotpensl Metonpl Oppuka — Dpbapa u Moppuca Kak MpearnoYTHTEIbHBIC
C TOYKH 3PEHHs CpEeIHEW MOTrPEUIHOCTH pacueTa Ha ocHoBaHUM 40 MPOBEPEHHBIX
OpraHHYeCKHX KUIKOCTEH.

Meronx Oppuka — Dpbapa HCIOJB3YET TPYIIOBBIE cOocTaBisionie A u B
B YpaBHCHUH:

nY-ar2 (1)
Mo oTT
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rzie Vv — KHHeMaTH4ecKasi BSI3KOCTh KUAKOCTH, cCt; M — MonekynspHas macca, T
— Temnepartypa, K.

Meton Moppuca Takke HUCHOIb3YeT TPYIIOBBIE COCTABISAIOIINE C TOMOIHH-
TETbHBIMHI KOHCTAaHTAMHU:

1
gt =gl =-1],
gn+ [Tr )

rie W — JUHAMHUYecKasl BSI3KOCTh XXUAKOCTH, cll; n+ — «rmceBmokpuTHUECKas Bs3-
KocTh», cll; T, — npuBeneHHas temneparypa; 7. — KpUTHUYECKas TEMIIEPATypa,
K; J — ¢yHKIms cTpyKTyphl; b — rpynmoBasi cocraBistomasi; N — YHUCIO TPYII-
HOBBIX (CTPYKTYPHBIX) COCTaBIISIFOIINX.

Ha ocHOBaHWM 3KCTIEpHUMEHTAIBHBIX AaHHBIX 3aBUCHMOCTH KWHEMAaTHUECKOU
BSI3KOCTH OT Temmepatypsl s ruapopropadupos HFE-7000 u HFE-7100 mpen-
J0KeHbl MoauduKkain Metona Oppuka — Dpbapa (KOHCTaHThI A U B ypaBHEHHUS
(1)) u Moppuca (n+ B ypaBHeHu#u (2)). Pe3yabraThl Mo cpeiHUM OTKJIOHSHUS TIPH-
BEZCHBI B Ta0IHUIIE.

T

T =
r TC

. 3=y(0.0577+ 3 (an)). ?)

CpenHee OTKJIOHEHHE METO/IOB OIpe/ie/IeHUsI BI3KOCTH

CpenHee oTkiI0OHeHHE, %0
Kunkocrb
Oppuxk — Jpoéap | Moa. Oppux — Jpbéap | Moppuc Mopa. Moppuc
HFE-7000 30 20 35 2
HFE-7100 40 8 30 1

3akiouenmue. HpOBCI[CHO CPaBHCHUE SKCIICPUMCHTAIIbHBIX NAaHHBIX 3aBUCH-
MOCTH KHHEMATHUYECKOW BSI3KOCTH OT TEMIIEPATYPHI VIS (TOPCOJCPKANIMX HKH/I-
KocTell ¢ aHanmuTHueckumu Mozeisimu Oppuka — Dpbapa u Moppuca. Ilpemio-
JKeHHast MouduKanus Moaenn Moppuca o0ecrieunBaeT CpeHee OTKIOHCHUE HE
oonee 2 % mis runpodropadupos HFE-7100 u HFE-7000.
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Annomayun. B dannoii pabome paccmampugaemcs MOOepHU3AYUS NPOUIBOOCBEHHO20
MO0y 01 npoyecca 2uopasIuyecKoll 8blMANXCKU mumanosvix nonycgep. OcrnosHoe 6Hu-
MaHue yoensemcsa agmomMamusayuy MmexHoI02UYeCKUx npoyeccos U 6HeOPeHUI0 8biCOKO-
MEXHON02UUHO20 000PYO08AHUSA, YN0 NO360AUM NOGLICUMb KAYECE0 NPOUIBOOUMBIX NO-
aycgep, obecneuums maxmsl nNPoU3BOOCMEeHHo20 npoyecca. B pabome ananuzupyromes
cywjecmeyroujue mexHoI02uU, GblAGNAIOMCs C1abble Mecma u npeonaearomcs pewienus ona
ux ycmpanenus. B uvacmnocmu, pacemampugaiomes: 03MOAICHOCU UHMeZpayuy nopmanb-
HbIX POOOMUBUPOBAHHBIX CUCEM U 8HEOPEHUe 8bICOKOMEXHOA02uYHbIX nevell. Oxcudaem-
€51, UMO NPeONodCeHHble USMEHEHUS NPUBEOYI K NOBIUEHUIO NPOU3E0OUMETbHOCU MOOY-
JIA U Kauecmea npooyKyuu.

Knrouesste cnoea: cudxuii npouzso0cmeeHHblll MOOYb, Wap-6auioHvl, noaycpepsl, 8axy-
VMHAS neudb, 2UOPABIULECKULL NPeCC, BLIMANCKA, PAKEMHO-KOCMUYECKAas OMpacib

Beenenne. B yciioBusX COBPEMEHHOTO MPOMBINUICHHOIO MPOM3BOACTBA AKTYaJlb-
HOCTh TOBBIIICHHS 3()(HEKTUBHOCTH M KauyeCTBa TEXHOJIOTHUECKUX TMPOLIECCOB CTa-
HOBUTCS Bce Oojiee 3HauuMoi. OJHOWM M3 KIIOYEBBIX TEXHOJIOTHH, HCIOJIb3YEMBIX
B MallIMHOCTPOCHUH U JIPYTHX OTPACISX, ABISACTCSA ropsdas MTaMIIoBKa. ITOT Mpo-
1IECC TI03BOJISIET CO3/IaBaTh JCTAIN C BBICOKOW MPOYHOCTHIO M TOYHOCTBIO, UTO OCO-
OCHHO BaXKHO /IS TAKUX WM3JIENNH, KaK Iap-0aIOHbl, HCIIOIb3yEeMbIC B PA3ITUUHBIX
cepax, BKIIOYass 000POHHYIO M a9POKOCMHUYECKYIO TIPOMBIIIIEHHOCTS [1].

MeToanl 1 MaTepHAaJIbl; pe3yJbTaThl. Ha 3rane oOcienoBaHus ObLIM BBISB-
JICHBI MPOOJIEMbI, BOZHUKAIOIIKE TIPU MPOU3BOJCTBE Tonycdep map-0anioHOB W3
TUTAHOBBIX JCTOB Mapku BT6C [2]. OCHOBBIBasiCh Ha aHAIM3€ CYMIECTBYIOIINX
METOJIOB ¥ TEXHOJIOTHH, ONpesesieHbl TPpeOOBaHMS HA aBTOMATH3AIHIO TIPOU3BO/I-
cTBa, 00eCIeYrBarOIINe IPOU3BOAUTEIBHOCTh MPOLIECCa M YCIOBUSA PabOTHI ¢ Iie-
JIBIO YJICIICBIICHUS M MOBBIIICHHUS 0S30TIaCHOCTH MPOU3BOJCTBA, a TAKXKE ONpese-
JIH COCTaB TMOKOTO MPOW3BOJCTBEHHOTO MOJYJSl, KOTOPBIA BKIIOYaeT B ceOs
TUIPABINYCCKUI Mpece, B BaKyyMHbIC TI€UH, JBa CTEJUIaXKa ISl HaKarUTHBaHHUS
3aroTOBOK C TIO3HMIIMU BBIJAYM M OCTHIBAIOIIMX ITOCIIE MPOIIECca MTAMIIOBKH JIETa-
JIel, a Takke MOPTATBHOTO podOTa WM POOOTa-MaHUMIYJsSITOpa. BbUTH mpemioxke-
HBbI METOJIbI MOJICPHHU3AIMYA THOKOTO MPOU3BOJCTBEHHOTO MOJYJIS JjIs obecreue-
HUSI TaKTOB MPOM3BOJCTBA. DBBIIM CO3JaHBI TPUMEPHl KOMIIOHOBOYHBIX CXEM
riOKOro MPOM3BOACTBEHHOTO MOJYJISI THAPABIMYSCKON BBITSDKKH mosycdep map-
0aJUTOHOB.
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B pesynbrare nponenanHoll paboTH OBUTM CO3JaHBI KOHIIENTYaJbHAS MOJICIb
U CTPYKTypHas CXeMa IPOHM3BOACTBEHHOT0 MOIYJS JUIs HW3TOTOBJICHUS Ilap-
0aIOHOB, pa3paboTaHbl MPUHIUIIHAIBHBIE CXEMbl BAKYYMHBIX NIeYel ¥ THIPaBIIH-
yeckoro mpecca [3], a Takke OBUIM CIIPOEKTHPOBAHBI KOMIIOHOBOYHBIE CXEMBI
C pacnoyIoKeHueM T0100paHHOTO 000y JOBaHUSI.

3akmiouenue. B xone paboThl OBUIO NMPEIIOKEHO JIBa BapHaHTa KOMIIOHOBOY-
HOM cxeMbl 00opynoBaHus. Beuti 000CHOBaHBI 3aMEHBI B BBEIOOpE 00OPYIOBaHUS
TaKue, KaK BaKyyMHBIC NI€YH BMECTO II€UCH C BBIKATHBIM ITOJIOM, CTEJUIAKU BMECTO
JIOTIOJTHUTENBHBIX TI€YeH, MOPTAIBHBIH POOOT BMECTO POOOTAa-MAHHUITYJISITOPA U CO-
37aHbI IPUHIMIHAIBHBIE CXEMBbI TIeUeil U pecca.
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Annomayusn. I[lposedeno ucciedosanue pacnpedeieHus NOMeHYUaLd Mexcoy Henposoos-
well CMeHKoU Conaa paKemuozo 0gueamens U NOMOKOM NPOOYKMO8 C2OPAHUS C YHEenOM
DpaouanbHo20 pacnpeoenenus memnepamypsl npooykmos nomoxa. Pacuem ambunonsipno2o
NOMEHYUANA 8 OCeCUMMEMPUYHOL NOCAHOBKE 3a0auu NpogedeH HA OCHO8e YPAGHEeHUs
oug@ysuu uonos ¢ yuemom xumuveckux peaxyuti 8 nomoxe I1C. I[Ilpedcmasnensvt pacnpe-
Oenenuss amMOUnOIAPHO20 NOMEHYUANA 8 CLOE 8 3ABUCUMOCTNU O 2EOMEMPULECKOU cmene-
HU pacuiupenus cona.

Kniouegvle cnosa:. snexmpuszayus, pakemuulii 08ueamens, CONi0, amounousipras ougp@y-
3Us, ePAOUEHM INEKMPOHHO20 OAGNIeHUs, AMOUNOIAPHBIL NOMEHYUAT

BBenenue. OqHuM U3 OCHOBHBIX MCTOYHUKOB 3apsIIOB CTATUYECKOTO DJICKTPHUC-
CTBa JieTaTesbHBIX anmapatoB sBsaroTcsa KPPl u PJTT, U3 comen KOTOPHIX UCTe-
KaeT MOHM3WPOBAHHBIA MOTOK NMPOIYKTOB CropaHusa. JTOT 3(h(EeKT MOXKeT OBITh
MPUYUHON IEKTPUISCKUX MPOOOCB, MOMEX CUCTEMaM YIPAaBJICHUS U PalMOCBsI3H,
BO3MYyIIAIONIEro Bo3zeicTBua. Kpome Toro, nHbopMmamus o 3MeKTPOPUINIECKUX
napaMeTpax IJIa3MEHHBIX MOTOKOB aKTyalbHa JIIS ONTHMH3AMU  (U3KKO-
XUMHYECKUX TIPOIECCOB B Kamepe CrOpaHus, KOHTPOJS aBapUHHBIX CHTYaIlWH,
VIIPABJICHUS PEXKUMHBIMH ITapaMETPaMH.

Metoabl U MaTepHabl; pe3yiabTaThbl. PacyeTHBIM METOAOM MPOBEACHO HUC-
cnemoBanue anekrpuzaiuu corta PJTT. Tommuso (ITXA/HTPB/AI, cocras
NH4C|O4-C7,079H10,6500,223N01063—A|, COACPIKaHUEC 0,68/0,14/0,18) [1] OcHoBHOI
MEXaHU3M O0pa3oBaHUS W PEKOMOMHAIINM WOHOB OOYCIIOBJIEH PEaKIUsIMH XEeMO
MOHM3AINU U pekoMmOuHanuu. [laBnenue B kamepe moaenbHoro PJITT cocrarisuio
4,5 MIla, comno koHmdeckoit popmel. [lorydeHbl BETUYNHBI KOHIICHTPAIHA KOM-
MOHEHTOB MOTOKa NpoaykToB cropanus (I1C) mpu MOMOIIK MPOrPaMMHOTO KOM-
mwiekca «TERRA» [2].

Ypasaenue amOumnonsapaoit nudy3uu 11 HOHOB UMEET BHT

dzni _ Lion + (_ krec) n2

dyz B DaM6 DaM6 e

rae D,y — k03 dunuent amounonspuoi nudpdysuu, I;,, — cKopocTh HOHU3A-
1, k.. — KOHCTaHTa CKOPOCTH PEKOMOWHAIWH, N; — KOHICHTpAINs HOHOB
B aMOMIOJISIPHOM cJoe, Y — KOOpAMHATAa II0 TONIIMHE CJIOS B PaJAHAIBHOM
HalpaBJICHUH.
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KoHcTaHThl cCKOpOCTEl peakuuii nonusanuu u pexkomounanuu st Al u HC
(rpanunbl npumenenus: Temneparypa 500...4000 K, napnenue 0,1...5 MIIa) B3s-
Tl U3 [3, 4]. Pemenue ypaBHEHHS TPOBEACHO B IPOrPAMMHOM KOMILIEKCE
Mathcad [5] mnst pactipeneneHns KOHIIEHTPAIIMH HOHOB COBMECTHO C YpaBHEHHEM
[Tyaccona mo3Bonmio uia paBHOBecHOro motoka IIC momyuuTh pacmpeneneHue
aMOHIIOJIIPHOTO TTOTEHITHAIIA TTO TTyOHWHE CIIOSI.

3akaoueHne. MakcumaibHOE 3HaYCHHE aMOUIIONISIPHOTO MOTEHIIMANA COCTaB-
ns10 —2,56 B B kpuTHUeckoM cedeHnu. JlanpHelee yMeHbIIEHHE aMOUIIONSIPHOTO
MOTEHIMaa B TIPOIeCcce PaclInpeHHs IOTOKA MPOJTYKTOB CTOPAHHUs B COTLIC CBSI3aHO
CO CHI)KCHHEM KOHLEHTpAIWH 3apsHKEHHBIX YacTHILl 110 JJIMHE COILIa, COMPOBOXKAA-
IOIIEMCS YMEHBIIICHHEM TEMITEpaTypbl M CTEIICHH HOHHU3ALUK TUIA3Mbl MTPOITYKTOB
cropanus. TommuHa aMOWTIONISIPHOTO CJIOS, MPU XapaKTEPHBIX pa3Mepax CoIua,
He npesbimana 1 % ot pa3MepoB MONepevHOro ceYeHusl, MHBIMH CJIOBaMH, MafeHue
MOTEHIMaNa ObIJI0 COCPEAOTOUCHO B Y3KOM PHCTEHOYHOM CJIOC.
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AnHomauyun. B cmamve paccmampueaemcs 803MO*CHOCHb NPUMEHEHUSL CAMOOP2AHU3YIO-
wuxcs kapm Koxonena (SOM) onst oyenxu necamusno2o 8030€icmeust Ha OKPYACAIOWYIO
cpedy. SOM obecneuusaem cmpykmypupoganie MHO2OMEPHbIX OAHHBIX U GblOeleHUe Kld-
CMepos8 Ha OCHOBE GHYMPEHHUX CXOOCME, YMO NO360ISIem OYEeHU8AMb 6KIA0 NoKaszameneu
6 00wyl Kouueypayuio cucmemvi. Ycmanosnena npumenumocms xapm Koxonena ons
AHANU3A OAHHBIX IKOJLO2ULECKO20 MOHUMOPUHEA, 4 MAKICE 8 YCILOGUSIX HENOIHOMbL U PA3-
HOPOOHOCMU UCXOOHBIX OAHHbIX, XAPAKMEPHBIX OJisl IKOL02uUecko2o moHumopunea. Ilony-
yennvie 66160061 noomsepacoarom nomenyuair SOM kax Memooono2uuecko2o uHCmpymen-
ma KOMNWAEKCHOU 3KON0SUHECKOU OYEHKU, CO30aiouie20 OCHO8Y OJisl COBEPULCHCIMBEOBAHUS
UHOUKAMOPO8 IKONOSUYECKOU DEe30NACHOCMU U GHEOPEHUSI MEeXAHU3MO8 DAHHeZ0 npedy-
npescoenust 8 cucmeme YnpagieHusi OKPYsIcarowel cpeoo.

Knrwuesnie cnosa:. camoopeanusyrouwuecs Kapmal KOXOHeHa, IKONIOSUMECKULL MOHUMOPUHZ,
Kiacmepusayusi

Brenenue. Vicmonms3oBanume camoopranusymommuxcs kapt Koxonena (Self-
Organizing Maps, SOM), Mo3BOJISIOIINX CTPYKTYPUPOBATH MHOTOMEPHBIC TaHHbIC,
BBIICJISITh KJIaCTEPhl 00BEKTOB Ha OCHOBE UX CXOJICTBA, a, KaK CJICICTBUE, BIUSIHUC
KQXKIO0TO KJIacTepa Ha CTPYKTYPY, OTKPBIBACT MEPCIEKTUBHI I pa3paboTKH U CO-
BEPUICHCTBOBAHUS KOMIUICKCHBIX HHIUKATOPOB SKOJIOTHUECKOW O€30MacHOCTH
Y CUCTEM PaHHEro MpeaynpexaeHus o puckax [1, 2].

MeToabpl U MaTepualbl, pe3yJbTaTbl. HacTpoiika Moeny MpOU3BOIUTCS
M3MEHEHHEM BXOJHBIX M BBIXOJHBIX MEPEMEHHBIX, ONPEACICHUEM pPa3MEPHOCTH
KapT U napameTpoB o0ydenus. O0yuenne SOM mpoBoAKTCS Ha MOATOTOBICHHBIX
JIAHHBIX; HEOOXOJMMa HOpMANU3aIHsl TaHHBIX, MPeoOpa3oBaHUE KATErOPUATBHBIX
MepEMEHHBIX B YHCIICHHBIE, 3aMeHa (MM yIajeHue) MyCThIX 3HAUYEeHUH B Habope
naHHbIX. s neMoHcTpanyu Bo3MoxkHOocTed SOM B 3a/1ayax OLIEHKH DKOJIOTHYE-
CKHX TapaMeTPOB BO3MOXKHO HCIIOJIb30BaHHUE HEMOJIHBIX M HEJIOCTATOYHBIX JaH-
HBIX [2, 3].

3akaouenne. B konTekcTe skomorndeckoi 6ezonacHoctn SOM Moxer npu-
MEHSTHCS JUIS aHaIKW3a JIAHHBIX XHMHYECKOTO COCTaBa BOJIbI, KOHIICHTpPAIIUU
3arpsi3HUTENCH W KIuMatndeckux (aktopoB [4]. IlpoBeneHHBIC HCCICIOBAHUS
npuMeHuMoctd SOM 111 KOMIUIEKCHOM OIIGHKM HETaTMBHOI'O BO3ICHCTBHS
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Ha OKPYKAIOIIYI0 Cpey TMOKa3aiu MOoJIe3HOCTh Mozeiu [5, 6]. B Hacrosiiee Bpemst
AaBTOPAMH YCTaHOBJIEHA BO3MOJKHOCTH HCITOJB30BaHus SOM s ompemeneHust
CKPBITO# Koppensiuu [ 7] 1 paHKUPOBaHHUS SKOJIOTHUECKUX TTapameTpoB [8].

Taxkum 0Opa3oM, MPUMEHEHHE CaMOOPTaHu3yroMxcs kKapT KoxoHena B 3a1a-
YaxX KOMIUIEKCHOW OLIEHKH HETaTHBHOTO BO3JICHCTBHUS HAa OKPYKAIOIIYIO Cpe3y He
OrPaHUYUBAETCSI CTPYKTYPHPOBAHHEM MHOTOMEPHBIC TaHHbBIE, a MMO3BOJISCT BBISAB-
JIAATh CKpI)ITI)Ie 3aBUCUMOCTH Me)KI[y (I)aKTOpaMI/I, BIIMAOINIMMHU HaA 3KOHOI‘I/I‘ICCKyIO
0€30I1aCHOCTb.
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Annomayun. Paccmompeno codepycanue oucyuniunvl «bBezonacnocms dcusnedesmens-
HOCMU» Kak 00a3amenvHol OUCYUNIUHbBL 8 (DedepanrbHbIX 20CY0apCmeeHHblX 00pazosa-
MENbHBIX CIAHOAPMAX bICULe20 00PA30BANUS KAK BAXCHYIIL UWiae 68 0elle NOO2OMOBKU CHy-
0eHMo8 8y308 6ONPOCAM MEXHOCHepHOll be30nacHoCmu.

Knroueswvie croea. 6esonacnocmo dicuznedesmebHoCmu, (hedepabiblii 20CY0apCmeeHHbLU
cmandapm evicuie2o 0bpazoeanust, IKoI02U4ecKdast 6e30nacHoCmb, 6e30naAcHOCb Mpyod,
0e30nACHOCIb 8 UPe3BbIYATIHbIX CUMYAYUSX

BBenenne. Ilogsienne nucuiuinHbl «be30MacHOCTh KU3HEAEATEIIHLHOCTI» B CBOE
BpeMs BBI3BAJIO HEOTHO3HAYHKIC PEaKINH Y MperoaaBaTenieil npo@HuiIbHEIX Kademp.
Opmnako, mocie cBepmmBIierocs ¢akra — BkimodeHHs bXXJ[ kak oOs3aTenpHOM
JUCUUIUIMHBL B (eaepalbHble TOCyIapCTBEHHbIE 00pa3oBaTebHBIE CTaHIAPTHI
BBICIIIET0 0Opa30BaHUsI MHOTHE PU3HAIN AaJbHOBUAHOCTH MIPUHATOTO paHee pere-
HUS KaK BOKHBIH IIar B IeJIe MOArOTOBKHM CTYIEHTOB BY30B BOIIPOCaM 0€30IacCHOCTH
H, KaK pe3ysbTar, COXpaHeHHs MPOQIIbHBIX Kadelp YHUBEPCUTETOB.

MeTtoanl U MaTepuaisl; pe3yasTaTbl. B 2010 rogy MI'TY um. H.D. baymana
ObLTa mpeUIokeHa yTBEpKACHHas Ha ypoBHe mpencenatens YMO By30B mo yHH-
BEPCUTETCKOMY TOJIMTEXHUUECKOMY oOpa3oBaHuio u pekropa MI'TY um. H.3. Bay-
mana «[IpumepHas mporpamMma AMCHHUIUINHBI (Kypca) «be3omacHOCTh KHU3HEIes-
teapHOCTU» [1], monmyumBiias craryc «PekoMeHnoBaHa MUHHCTEPCTBOM 00pa3oBa-
Hus W Hayku Poccuiickoil ®enepauuu A BceX HampaBlICHUN —BBICIIETO
npodecCHoHaTBHOr0 00pa3oBaHus (OaKanaBpuar U ClCHUAIUTET)».

[Iporpamma Bce rojpl ObUTa OpUSHTHPOM it PO MIBbHBIX Kadeap. K coxa-
JICHUIO, BO MHOTHX BYy3aX CO BPEMEHEM TPYIOEMKOCTh TUCIUILTNHBI OblIa CBeleHa
JI0 MUHMMYyMa, a 3Ha4UT U peaju3alys IporpamMMmbl B TOJHOM 0ObeMe CTaHOBH-
nach HeBO3MOkHOM. [loxkenaHuss u HeogHOKpaTHble pemieHus DYMO, a Takxke
crapanusi pykoBoactBa ®@YMO mpuaate mporpamMme CTaTyC «o0s3aTenbHON»
B MuHoOpHayku P® moniepkku HE MOTyYHITH.

B macrosiimee BpeMsI B CBSI3H C TUTAHUPYEMOUW MOJICpHU3ANNCH BBICIIIETO 00pa-
30BaHMsl, MPOBOIUMOHN paboroii Mo moarotoBke mpoekra PI'OC-4, B KOTOpEHIHA
muctmmnHa BXX/I, mo-npexxaeMy, BKiIIOYeHa Kak 00s3aTenbHAs IS BCeX CIEIH-
TBHOCTEW W HANpaBJICHNUH MMOATOTOBKH MOXKHO 33{yMaThCsl O HEKOTOPOH «MOzep-
HU3aIUu» U camoil nmporpaMmbl quctuitinabl BXK/ u yTBepxkaeHus ee 0OHOBIICH-
HOW penakunu B MuHoOpHayku P®. [1oHATHO, 94TO y KaXKIIOTO «COMPHUYACTHOTO»
K MHorojeTtHemy mpernonaBaHuio bXXJ[ B cBoem By3e, €CThb CBOM MOXKeTaHUS
U MHEHHUA, KOTOpbIE 4acTO MMEIOT IPOTUBOIOJOXKHBIMA XapakTtep. W cBectu atu
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MOXKENIaH!sl «B €OUHBbIM popMmaT» 3amada npakTuuecku HebinonHuMas! ITostomy
MPOIY paccMaTpUBaTh MPUBEACHHBIE 3[€Ch JIMIIb HEKOTOPhIE COOOpaKEHUs Kak
JUYHBIE MOKENIAHUS aBTOPA, KOTOPbIe MOTYT OBITh «YCIIBIIIAHBI» H, MOKET OBITb,
peann30BaHbl B «00OHOBIISIEMO» IpuMepHO# niporpamme nuciurmuasl BXK/. Cun-
Talo 1ejaecoo0pa3HbIM Iponucath s pekomenayemoi B npoekre ®I'OC-4 kowm-
nereHiuu YK-6 Tpu mHAMKaTOpa, peann3anys KOTOPBIX OyAET OCYIIECTBIISATHCS
B TPEeX MOJYJAX AMCLUUIUIMHBI B PAa3IMYHBIX CEMECTPax M CBOEH TPYIOEMKOCTHIO
u coxepxanueMm. Peammzammsa BXJ[ B TakoMm ¢opmare nMeeT MONOKUTEIbHBIH
onmbpIT B POCTOBCKOM TOCYIapCTBEHHOM CTPOUTEIbHOM YyHHBepcutere [2, 3].
HammenoBanue nHAMKaTOpa, Ha3BaHHWE MOMYJS, €r0 00BEM, MECTO U CTPYKTypa
IPUBEACHO B TaOHIIE.

I/IH}]HKaTopBl JUCIHUILUIUHBI «be30nmacHOCTh KU3HeAeATeIbHOCTH»

U BBIOUPAET METO/IBI M CIIOCO-
OBl 3aIIUTHI YEJIOBEKA B I10-
BCE/IHEBHOM KU3HU U B IIPO-
(heccroHaTBEHON
JeSATEIbHOCTH

Huauxatop O0bem Moy,
Hasga- 3ET, Mecto
HHUE MO- ayJIuTOpPHbIE H CTPYKTypa
Iudpp HanmenoBanue AyJis 3aHATHS T+ MoayJast
BCEro)

VYK-6.1 | Unentuduuupyer yrpo3nbl Besomac- Cemectp —
(omacHOCTH) TEXHOTEHHOTO HOCTb 8(9).
MIPOUCXOXKACHUS U BRIOUpAeT | Tpyaa Jlexmmn — 18;
METOJIBI M CITOCOOBI 3aITUTHI 2+2 TIpaKTHYeC-
YeloBeKa B npogheccuonansb- kue — 18;
HOU OesimenbHOCmU naboparop-

Hble — 18

YK-6.2 | Unentuduuupyer yrpo3nl Dkoo- Cemectp —
(omacHOCTH) TEXHOTEHHOTO ru- 6 (7)
MIPOUCXOKACHHUS U BEIOUPAET | YecKast Jlexun — 18;
METOJIbI coxpanenus npupod- | de3omac- 1+1 MpaKkTHiec-
HOU cpedbi HOCTb Kue — 9,

nabopatop-
Hble — 9

YK-6.3 | Unentudunupyer yrpo3nl Besomnac- Cemectp —
(omacHOCTH) IPUPOTHOTO HOCTb B 7(8)

U TEXHOT'CHHOTO MPOMCXOXK- qC Jlexumn — 18;
JICHUS NPU 603HUKHOBEHUU npakTHyec-
YC u 60eHHbIX KOHDAUKIMOE, 1+1 ke — 18

3akiroyeHne. 3aKkpenyeHue 3a AUCHMILIMHON «be30macHOCTh KU3HEACATEIb-
HocTu» B PI'OC-4 yka3aHHBIX MHIUKATOPOB M MOAYJeH, peamu3aiusi KOTOPBIX
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Oyzer mpou3BOAUTHCA B TPEX CEMECTpax, Kak OJUH U3 3JIEMEHTOB MOAEPHU3ALUH
«[IpuMepHON MPOrpaMMbI», MO3BOJIUT CYIIECTBEHHO YJIYUYIIUTh Kaue€CTBO IOJATO-
TOBKH CHELHAIMCTOB II0 BOIIPOCaM TeXHOC(EPHO 0€30MacHOCTH.
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Annomayusn. Paccmompeno enusinue npumMeHenus nyibCupyrouezo cocamozo 6030yxa npu
06pabomxke nousbl HA ee azpomexHuyecKue ceoUCmada.

Kniouegvle cnosa:. uuzenvnvitli pabouuti opean, 06pabomxa nousvl, pvixieHue, CHUNCCHUE
Ms208020 CONPOMUBLEHUSL, CIHCAMBIU 030VX, YACMOMA NYTbCAYUU

Brenenue. B Hacrosiiiee BpeMsi BAHTOBBIC KOMITPECCOPBI B OCHOBHOM ITPUMEHS-
I0TCSI B MAallTHHOCTPOCHHH, HEPTSIHOW U Ta30BOW MPOMBIIUICHHOCTH, B CTPOUTEIh-
cTBe  T. A. OqHaKo paboThI IO MPAKTHUYECKOMY HCIOIB30BAHHUIO CIKATOIO BO3IyXa
pu 00pabOTKE MOYBBI OTCYTCTBYET.

N3BecTHO, 9TO 00paboTKa MOYBHI ¢ MPUMEHEHHEM IO0YBOOOPaOATHIBAIOIINX
MAIlIMH SIBJIICTCSA OYCHb YHEPrOCMKHM IPOIECCOM, TJIE PBIXJICHUE U KPOIICHUE
MOYBBI MTPOUCXOAMT TIOJ] BO3JIEHCTBUEM PA3JIMYHBIX TUIIOB PA0OYUX OPraHOB CKa-
THEM, CMSITHEM U OTPBIBOM ITOYBBI OT €€ MOHOJUTHOTO cJiost. OMHUM U3 CIOCOO0B
CHIDKCHUS SHEPreTHUYECKUX 3aTpaT Npu 00pabOTKe MOYBHI SABJISECTCS MPUMEHEHUE
CHITBI CXKATOro BO31yxa. Takke MpH MCHOBEHHOM TMOAave CKATOro BO3Iyxa B MOY-
BY B Iporecce 00padOTKH yIIydIIaeTcs ee arpOTEXHUIECKOE COCTOSHHE.

MeToabl 1 MaTepHAJIbI, Pe3yJbTaThl. B HAyYHBIX TPyAax pPOCCUHCKUX yde-
HBIX [1-3] moKazaHa BO3MOYKHOCTH IMPUMEHEHHS CHIIBI C)KaTOTO BO3AyXa IpH 00-
paboTke MouBbl. B MpoBeIEeHHBIX HAMHM UCCIEAOBAaHUSIX pa3paObOTaHbl MaTeMaTH-
YecKHe MOJICNH, OMNKCHIBAIONINEe OOpabOTKy MOYBBI MpPU BO3JCHCTBUM Ha Hee
CKaTBIM BO37yXoM [4]. YcTaHOBIEHO, UYTO B 3aBUCHMOCTH OT TITyOWHBI 3aJIeTaHHsI
HCTOYHHMKA CKATOTO BO3/yXa, TUAMETPa BBEIXOJHOTO OTBEPCTHS, TApPaMETPOB KOM-
NPECCOPHOW YCTAaHOBKM MOXHO OIPEJCIUTh 30HY JHIATaHCHH, O00pa3zyeMyro
B mporecce 00padboTKH.

B cBsI3H C BBITYCKOM BBICOKOIIPOM3BOAMTENBHBIX KoMIpeccopoB B OO0 «Ue-
JISIOMHCKUH KOMIIPECCOPHBIN 3aBO/» OBUIO PEIICHO MPOBEPUTHh BO3MOXKHOCTH HX
MPUMEHEHUS TPU OCHOBHON 00pa0OTKE MOYBHI YHM3CIBHBEIM PabO4YuM OpPraHOM.
BbUIO HM3rOTOBJIEHO IKCHEPUMEHTAIBLHOE OPYIHE C YM3CJIbHBIMUA Pa0OYMMM Opra-
HaMU C BO3MOXKHOCTBIO TOJa4YM CHKATOTO BO3ayXa. ONBITHI MPOBOAMIUCH HA TIy-
oune obpaborku 30, 20 u 10 cM, Ha CKOPOCTAX ABIIKEHHs arperara 5 um 7 Kkm/d,
¢ ToJlavuel MyJLCUpYIoMmero cxaroro Bozayxa ¢ yacroroi 10, 20 u 30 ' uepes
HAKOHEYHUKH, YCTAHOBIICHHBIC Ha paboyeM OpraHe ¢ AMAMETPOM BBIXOIHOTO OT-
Bepctus 3 U 5 MM, u 0e3 moxauu Boszmyxa. I[lo pa3paboTaHHOW METOAUKE OBLIH
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HPOW3BE/ICHBI 3aMEpPhl TATOBOTO CONPOTHBIICHHMS, TIPOBE/ICHA OLICHKA yBEIHYCHUS
TUIOIIA/IN PBIXJICHUSI TIOYBBI TPH PAa3TUYHBIX KOMOWHAIMSIX HAaKOHEYHHKOB. Pe-
3yJbTaThl OMNBITOB TIOKa3ald CHW)KEHHE TATOBOro conportusieHus ao 20%
M0 CPAaBHEHHUIO C TATOBBIM COIPOTHBIICHUEM pabouero oprana 0e3 mojjauu cxaTroro
BO3/yXa. YBEJIMYCHNE MIMPHHBI 30HBI PHIXJICHHS ITOYBBI IPH TOAAY€E CKATOTO BO3-
nmyxa ot 28...30 cm mo 70...80 cM mokazbIiBaeT BO3MOXKHOCTH YBEIIHUYEHHS PacCTO-
SIHUSI MEXK]Ty YH3EJIbHBIMH Pa0OYMMH OpraHaMHy 10 NIMPHHE 3aXBaTa.

3akoyenne. JlokazaHa BO3MOXXHOCTh CHHIKEHHS TATOBOIO CONPOTHBIICHUS
10 20 %, ynyuiienus kpomieHus mouBbl g0 20 %, yBenWYeHHS IUIOMIAAM 30HBI
poixienust mouBsl oT 50 % 10 2-x pa3 Mo CpaBHEHUIO C MPOBEAECHHEM 00PaOOTKH
0e3 moa4n C)KaToro BO3/yXa, MyTeM MOJAYM CHKAaTOTO BO3/yXa C PEryUpyeMbIMU
napaMeTpaMu (4acTOThl M JaBJICHHS) 4Yepe3 HAKOHCYHHMKH DPA3HOTO JAUaMeTpa,
YCTaHOBJICHHBIE Ha 4YW3EIbHOM paboueM opraHe, KOTOpbI obecreunBaeT oOpa-
0OTKY TOYBBI METOJIOM OTPBIBA YACTHII TIOYBBI OT MOHOJIHTA. Bee 3TH mokazarenu
B COBOKYIHOCTH BEJYT K MOBBILIICHUIO MTPOM3BOJUTEIBHOCTH TAXOTHOTO arperara.
ITo pe3ynbraTaM HCCIIEOBaHHUI BIIEPBBIC YCTAHOBJICHBI U 3alaTeHTOBaHbI [5] pa-
OUOHAJBHBIE TMapaMeTpbl YH3EIbHOTO pabodyero opraHa W TapaMeTphl MOAayH
MYJbCUPYIOIIETO CKATOTO BO3AYXa.

CnMUcoK UCTOYHUKOB

[1] CyxoB B.A. OnpeneneHre mapaMmeTpoB CHCTEMBI MOJ@4M CXKATOrO ra3a WMITYJILCHOTO Ta30/IH-
HAMHMYECKOTO PBIXJIUTENS MOYBEL. [Tougo06pabamulearoujue Mawunbl U OUHAMUKA A2Pe2amos.
¢6. nayu. mp. Yensounck, YUMDCX, 1989, c. 51-59.
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[5] Paxumos P.C., SAnanerauno A.P., Paxumos WU.P., Sdnanermunos II.A., ®etucos E.O., I'pa-
koB ®@.H., Kynukosa A.Il., CyneiimanoB A.U., XazoB U.E. Yuzenvusitl pabouuii opean ons 06-

pabomku nougel nyascupyiowum cocamoim 6o30yxom. Ilarent Ne228363 Ul PO, Grom. Ne 24,
2024.
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YOK 621.373.826

ONTMMM3ALMA KayeCTBa U NPOU3BOAUTENIbHOCTU (DEeMTOCEKYHAHOWN
MUKPOO6paboTKM M3MmeHeHnem (POKYCHOro paccTosiHus

PoaumkuH Hukuta Uropesuy” rodimkinni@student.bmstu.ru
AnekcaHpapos AHapeit PomaHoOBUY aleksandrovar@bmstu.ru

lWyneHeB AnekcaHap EBreHbeBuy ash@bmstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

Annomayusn. Paccmompeno snusnue gokycrnozo paccmosnus (3075 mm) na napamempoi
GemmoceKkyHOHOU 1aseprou Mukpoodopabomku. Ilokazano, umo ymeHvuieHue QOKyCHO20
paccmosnus 0o 30 mMm npusooum K yMeHbUuleHUur) OuamMempa ny4Kka u WUpuHsl pe3a npu
OOHOBPEMEHHOM YEeIUHeHUU NAOMHOCIU MOWHOCIU, YMO NOSbLUAen NPeyu3UOHHOCMY
obpabomku. M Haobopom, npu yeeauyenuu poKyCHO20 pAcCMOSAHUSL 603PACMAenm WUPUHA
pe3a u CHUMCaemcs UHMEHCUBHOCTb UTYHeHUs, YO 0SPAHUYUEAen THOYHOCHb, HO NO6bl-
waem cmabunvHocms npoyecca. Taxum obpazom, npoOemMoOHCmMpPUpPoB8ano, Ymo 8vloop ho-
KYCHO20 PAcCmosiiusi SIGIAEMCsi UHCIMPYMEHMOM YAPAGIeHUs OaLaHCOM MeNCOY Ka4eCmeoM
u npouszsooumenvHocmuio. Pesyiomamol mocym 0Oblmb UCNONL308AHBI NPU ONMUMUZAYUU
PEANCUMOB MUKPOOOPABOMKU 8 MUKPOILEKMPOHUKE U NPUOOPOCMPOEHUU.

Knroueswie crosa: pemmocexynonas mukpoobpaboma, (poKyCHOe paccmosiiue, OUamMemp
nYuKa, nIOMHOCHb MOWHOCIU

BBenenune. ®emMTOCeKyHIHAS JTIa3epHAS] MUKPOOOPAOOTKA 00ECIICUNBACT BHICOKYIO
TOYHOCTh M1 MUHUMAJILHOE TEPMUYECKOE BO3JCHCTBUE, OJHAKO BIUSIHUE (HOKYCHO-
IO PacCTOSIHUSI Ha MpoLece U3y4eHo HemocTatouHo [1, 2]. B pabote ncciaenoBaHo
Bo3/eicTBHE TUH3 ¢ PoKycHBIM paccrostHieM 30—75 MM Ha MHKpooOpaboTKy Me-
tayutoB. [IpoaHanu3upoBaHbl H3MEHEHHS TUIOTHOCTH MOIIHOCTH U T€OMETPHU ITy4-
ka. llemp — omnpezaencHue ONTHMAJBHBIX TapamMeTpoB sl OanraHca TOYHOCTH
U IPOU3BOAUTENHEHOCTH 00Pa0OTKH.

MeToabl U MaTepHAJIbI; Pe3yJabTaThl. DKCIICPHMEHTHI BBITIOIIHEHBI Ha (eM-
TOCEKYHIHOM JazepHoM komiuiekce «Tera-10» (OOO Asecrta Ilpoekt, Poccus)
¢ uHOH BonHBl 1064 HM M IMTENBFHOCTBIO UMITyJIbca 254 ¢c. [lozunmonnposa-
HHUE 00pa3loB OCYIIECTBISUIOCH C MCIOIb30BAHUEM MPEIU3UOHHOTO TPEXKOOPIH-
HATHOTO MO3MIMOHEpa C JHMHEHHBIMM ABUraTelsiMu U paspemeHueM 0,1 Mxwm.
B kauecTBe OOBEKTOB HCCIEIOBAHMS HCIOJIB30BATIMCH TPyOUAThIC 3arOTOBKU M3
Hepxkageroniei cranu AlSI304 nuamerpom 2 mm u tonmuHoN creHku 200 MKM.
DoKycHpOBKa U3ITyUEHHs TPOBOAMIACH O0BEKTUBAMH C CIEAYIOIUMH (HOKYCHBIMH
paccrosausmu: 30, 40, 50, 60, 75 mMm. B cepun u3 gecatd S3KCIEPUMEHTOB HUCCIIC-
JOBaHO BiUsiHUE (PokycHoro paccrosaust nuH3 (30—75 MM) npu ABYX YpOBHSX
sHeprun nmityibea: 20 u 40 mx/[x. [lomydeHHbIe qaHHBIE 7S peXUMa C SHepruei
40 Mk ]k (cM. TabNIHUITy) AEMOHCTPHUPYIOT YMEHBIIIEHHE THaMETpa Imydyka oT 62,5 MKkM
npu (oxycHoM pacctosiaur 75 MM 110 25 MM mipu 30 MM. COOTBETCTBEHHO, ILIOT-



Pa3zden 1. iccne0osaHus U pa3pabomiu PyCcCKUX UHKEHEPo8 139

HOCTh MOIIHOCTH Bo3pactaia ot 51,3 1o 321 TBT/M2, 94TO COMPOBOKIAIOCH YMEHb-
HICHHEM IIUPHHBI pe3a W (OPMHUPOBAHHMEM OoJiee YETKOW T'eOMETPHU KaHaua.
HaubGonpmme paznuuus B Mopgonoruu pesa 3adukcupoBanbl iMeHHO Tpu 40 Mk /Ix,
YTO CBSI3aHO C 00Jiee BHIPAKCHHOW POJIBIO TUIOTHOCTH MOIIHOCTH B THUX YCJIOBHUSX.
s pexxuma c sneprueit 20 mxJlk xapakTepHbIE 3aBUCIMOCTH COXPAHSUIACH, OJTHA-
KO 3(Q)QEKTHI MPOSBIILIUCH MEHEE HATJISTHO.

Pe3yabTaThl cepuu SKCIIEPUMEHTOB NPH 3Hepruu ummyabca 40 mi/[x

Ne | ®dokycHoe paccTosinue, MM JuaMeTp my4yka, MKM HHOTHO,CETI;’TI;l;zmHOCTH’
1 75 62,5 51,3
2 60 50 80,3
3 50 41,7 116
4 40 33,3 181
5 30 25 321

[Mony4eHHbIe Pe3yabTaThl JIEMOHCTPUPYIOT KIIOYEBYHO pPOib (DOKYCHOTO pac-
CTOSIHUS B (PeMTOCEKYHIHON MUKPOOOpaboTKe (PUCYHOK). YMeHbIIeHne POKYCHOTO
paccTOsIHUS MOBBIIIAET TUIOTHOCTH MOIHOCTH, OOecleurBasl YeTKUE TPaHuLbl pe3a,
HO YBEJMYHMBAECT PHCK JIOKAIBHOTO TEPMHUYECKOTO MOBPEXKICHUS. YBennueHue ¢o-
KyCHOTO PAacCTOSHUSI CHMXKAET MPELU3UOHHOCTh, HO TOBBIINACT CTAOMILHOCTD TPO-
necca. CpaBHEHHE SHEPTreTHUECKUX PEXKUMOB Mmokasano, uto mpu 20 Mx/x 3aBucu-
MOCTH COXPAHSIOTCSI, HO BBIp&XKEHBI cja0dee HM3-3a HEJIOCTATOYHON SHEPruu JUis
(hopMupoBaHUst KOHTPACTHBIX CTPYKTYp. [Ipu 40 MK BIHSHUE ONTHKU TPOSBIIS-
ercsi Haubosee OTYCTIIMBO, IO3BOJISISI PETYJIMPOBATh OalaHC MEXIYy KaueCTBOM
Y [IPOU3BOIUTEIBHOCTHIO 00pabOTKH.

LvpuHa pe3a v WwrprHa pe3a ¢ fedeKTHON 30HON B 3aBUCUMOCTM OT POKYCHOrO PACCTOAHUS:
a— 75 mm, 6 — 50 mm, 8 — 30 Mm

3akimouenne. OnTuManbHble pe3yibrarhl pu dHeprin 40 MK JOCTHIHYThI
¢ mmH3oit 60 MM, oOecnieumBIIeil cTaOuinbHBIA Tpoduip pesa. JlanbHeiimee
yMeHbIIeHHE (POKYCHOT'O PacCTOSHMS COKPAILAIO MIMPUHY pe3a, HO YBEIUYMBAIO
30HY TEPMHYECKOTO BO3jeiicTBHsI. TakuM 00pa3oM, MOBBIMICHHE MPEIIM3UOHHOCTH
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TpebyeT THIATeIbHOTO MOA00pa SHEPTUH UMITYJIbCA K (POKYCHOMY PACCTOSIHHIO IS
JIOCTHUKECHUS BEICOKOTO Ka4eCTBa 00pa0OTKH.

CruUCcoK UCTOYHUKOB

[1] Chichkov B.N., Momma C., Nolte S., von Alvensleben F., TUnnermann A. Femtosecond, pico-
second and nanosecond laser ablation of solids. Applied Physics A: Materials Science & Pro-
cessing, 1996, vol. 63 (2), pp. 109-115.

[2] Gattass R.R., Mazur E. Femtosecond laser micromachining in transparent materials. Nature
Photonics, 2008, vol. 2 (4), pp. 219-225.
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MoaroToBKa CNeLManucToB Mo yCTOWYMBOMY Pa3BUTUIO
B paMKax HanpayieHus «TexHocgepHas 6e30MacHOCTb»
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MITY um. H.3. baymaHa, Mocksa, Poccusa

Annomayun. Paccmompenut sonpocel eénedpenuss ESG-cmpameeuu u noxkazamenu ee sg-
GexmusHoil desmenvrocmu. Boideiena o6uwHoCmb 0esmeibHOCU 8 001ACMU YCMOUYUBO-
20 passumus ¢ 0eAmenbHOCMbI0 8 obnacmu mexHocgepHoii bezonacnocmu. Ilpeocmasnena
B03MONHCHOCTL NOO20MOBKYU KAOPO8 Oid YCMOWYUBO20 PA3GUMUA 6 PAMKAX HANPAGTIeHUs
Texnocgepnas 6esonacnocme.

Knrouesvie cnosa. ycmoiuusoe paszeumue, mexHocepruas 6beszonachocmv, ESG-
cmpamezusi, CReYUAIUcm 8 cgepe yYCmouuueoeo pazeumusl, nokazameiu 3QPpexmusnou
desimenbHOCmuU

Brenenue. B 2015 rogy OOH pa3paborana pesosonuio «[loBecTka aHs B 00Jia-
CTH yCTOWYHMBOTO PasBUTHSA», B KOTOPOH 3asiBieHO 17 meneil ycroiunBoro passu-
tust [1]. 3asiBieHHBIC eI OPUCHTHUPOBAHBI HA YJIy4YIICHHE OJAroCOCTOSHHUS
JIOAEH M 3aIlUTy IUIAaHEThl OT BO3MOXKHOI'O HETaTUBHOIO Bo3aeWcTBus. [IpuBep-
skeHHOCTh LIYP TpebyeT oT KoMmaHWii Hamn4me KaJpoBOTO MOTEHIIHAaNa, obiama-
OII[ET0 COOTBETCTBYIOIMMHU KOMIIETEHITUSMH.

MeTtoasl U MaTepuasbl, pe3yiabTaTbl. BaxHbiM 3TanoM BHeapenus L[YP
B JIEATENBHOCTH PEaTbHBIX CEKTOPOB 3KOHOMHMKH SIBMIIach pazpaboTka [IpuHnnmos
OTBETCTBEHHOTO MHBECTHPOBAHMUSI, pa3pabOTaHHBIX C LEIbI0 MUHUMHU3AINN PUCKOB
JOITOCPOYHOTO HMHBECTHPOBAHMS 3a CUET BKIIOUEHHUS COLMAIBHBIX, HKOJIOTHYE-
CKMX U YMpaBlIeHYECKHX (HAKTOPOB B HHBECTHIHMOHHBIC CTPATETHMH KOMITaHUH.
VIMeHHO 3TW NMPUHLMIB SBUIKCH HadajoM pa3BuTus ESG-ctpaTteruii komnanui,
B COOTBETCTBHH C KOTOPBIMH oOOecreynBaeTcs JO0Ka3aTeIbHOCTh YIIpaBliie-
HUS YCTOWYHBBIM Pa3BUTHEM.

Psan xpynHbeIX poccuiickux kKoMnaHui peanmusyroT ESG-ctpareruro u my6mu-
KYIOT pe3yJIbTaThl JeATebHOCTH Ha odpuuuanbheix caiitax (ITAO «CUBYP Xon-
auar», PYCAJL u np.). Bueapenue crpaterun ESG tpebyer oT KoMmaHuu J0moI-
HUTENBHBIX MPO(ECCHOHATBHBIX TPYAOBBIX PECYpPCOB, YTO TOATBEPXKIAETCS
HAJIMYMEM CIIPOCca Ha CMIEIHUAIICTOB [0 YCTOMYUBOMY Pa3BUTHIO M OIyOJIMKOBAaHH-
eM TpoekTa mpodcragmapra «CrenuaniucT B cepe yCTOHINBOTO pasBUTHSI» [2].
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[Ipu sTOoM B MpOEKTE OTCYTCTBYET HampaBieHHe TexHocdepHas 0e30macHOCTb,
B paMKax KOToporo B P® TpaguunoHHO BeJeTcsl MOATOTOBKA KaJIPOB AJIS PEIICHHS
3aJa4 BCECTOPOHHEro obecreueHHs 0e30MacHOCTH NpEeANpUATHs. AHaIU3 OTYET-
HOCTH 110 YCTOWYMBOMY Pa3BUTHIO MMOKa3all, YTo Npu peanmzanun ESG — crpare-
ruu, 3HauntenbHas yactb KPl manpasnenuit Environmental u Social kommanmit
HaINpsMyIO CBs3aHa C JecTByomuMH B PO rocymapcTBeHHBIMH TpeOOBaHHAMH
B 00JIaCTH OXpaHbl TPyAa, MPOMBILIUICHHOW 0€30IacHOCTH, OXapHOH Oe30IacHo-
CTH, 3KOJIOTHYecKoi Oe3onmacHoctu. Hanpumep, k TpaguunonasiM KPl kommanuii
HarpasiieHuss SOCial MOXKHO OTHECTH MOKAa3aTeld MPOU3BOJICTBEHHOTO TPaBMATH3-
Ma, JaHHBIE 10 OLEHKE NPO(ECCHOHAIBHBIX PHUCKOB, MO CHELUAIBHOW OLCHKE
YCJIOBHIA TPY/1a, [0 00YYEHHIO B 00JIaCTH OXpaHbl TpyAa U T. 1. [3, 4].

3akiaoueHue. 3asBICHHBIE B MPOEKTe NpodeccnoHanbHOro crangapra «Cre-
LOUAINCT B cepe yCTOHUMBOTO PasBUTHs» 0000IIEHHBIE TPYAOBbIE (PYHKLIUH, TPY-
JIOBbIe (DYHKITUH B TIEJIOM COOTBETCTBYIOT KOMIIETEHTHOCTHON MOJICTH BBITYCKHHKA
TexHochepHoti 6e3onacHocTu. OJHAKO IS YCHEUIHON peaiu3aluu mpodeccro-
HAJIBHOH NIeSITeNHHOCTH B O0JIACTH YCTOIYHMBOTO PA3BUTHS OCHOBHYIO Tpodeccuo-
HaJIbHYIO 00pa30BaTeNbHYI0 NporpaMMy HampasiieHHs TexHocgepHas Oe3omac-
HOCTB (JTF000W HANpaBICHHOCTH) HEOOXOAMMO JIOMOJHUTENBHO YCHIHTH OJIOKOM
YIPaBJICHYECCKUX JTUCIUTLIHH.

CnuUcoK UCTOYHUKOB

[1] [Hosecmxa oms 6 obnacmu  ycmoiuusoeo  pazeumusi. URL:  https//www.un.org/
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OueHKa aerpajauuu CBOMCTB M 0CTAaTOYHOro pecypca Tpy6onpoBooB
TENNoBbIX CETEe MeToAaMM Hepa3pyLLAoLLEero KOHTPoNs
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SPIN-kofA: 6664-8958
MypruHa EBreHns EBreHbeBHa purgina844@gmail.com

MITY um. H.3. baymaHa, Mocksa, Poccusa

Annomayusn. B pabome npedcmaenenvi pe3ynbmanivl IKCNEPUMEHMATLHOLO UCCAE008AHUSA
dezpadayuu mamepuaia mpybonpo8ooos meniosvlx cemeli nocie ONUMENIbHOU IKCHLYd-
mayuu. IIpogeden amanus uUMeHeHU MEXAHUYECKUX CBOUCTNG, OYEHEHd B03MONCHOCb
NPUMEHEHUs KOMRIeKCa Memo0os Hepaspyuwarowezo koumpons (HK) ons ouaenocmuxu
COCMOAHUA U NPOSHOZUPOSAHUA — ocmamounozo  pecypca. Ha — ocmose  puck-
OPUEHMUPOBANHO20 NOOX00A NPeONONCeHa MEeMOOUKA OYEHKU, NO360NAIOUAS NOBbICUMb
00CMo8epHOCIb NPO2HO3a 6e30NACHOU IKCNIYAMAYUU.

Kniouegvie cnosa. mennosvie cemu, 0Cmamounvlil pecypc, Hepaspyulaowuli. KOHmpoib,
KOPpO3Usl, MEXaHUYEeCKUe C80IICMBA, PUCK-OPUEHMUPOBAHHBIIL NOOXOO

Beenenue. TpyOompoBOaBI TEIUIOBBIX CETEH SBISIOTCS KPUTUYECKU BAKHBIMU
00BEKTaMH TOPOJCKON MHPPACTPYKTYphl. 3HAYUTEIHHBIN U3HOC CETEH W BBICOKHI
ypoBeHb aBapuitHoctd, 80—85 % KOTOpBIX BbI3BaHBI HApyXKHOH Kopposuei [1],
00yCIaBIMBAIOT aKTyaJbHOCTH 3aJad IO OLEHKE HMX TEXHHYECKOT'O COCTOSHHS
Y TPOTHO3UPOBAHHIO OCTATOYHOTO pecypca. J[Is OleHKH COCTOSIHUS TPYO MIMpo-
KO€ pacrnpocTpaHeHHe NOTYYHIN KPUTEPUH, OCHOBaHHBIE Ha Pe3ysbTaTax u3Mepe-
HUs mapaMeTpoB yabTpasByka (V3), xospiurusHoit cuisl (KC), snekrpocomnpo-
tusnenns: (3C), Buxpesbix TokoB (BT). IlepednciieHHbIE METOIBI HUCCICIOBAHUS
ObUIM WCTIONIB30BaHbI B JAHHOH paboTe, MPOBEICHHOW € LENBI0 KOMILIEKCHOM
OIIEHKH JIETPaJallii CBOWCTB M OCTAaTOYHOTO pecypca TPyOONpPOBOMIOB TETUIOBBIX
ceTel MeToJaMH Hepa3pyIaroIero KOHTPOJIS.

MeToabl U MaTepuaibl; pe3yJabTaThl. J[J1s mpoBeneHus uccueI0BaHNi ObLTH
BBIOpaHBI JiBa ()parMeHTa y4acTKOB MPSIMBIX TPYOONPOBOJIOB N3 KOHCTPYKIIMOHHOM
Mmanoyraepoaucroi cranu 20 co cpokoM skcrutyaranuu 17 u 26 ner. U3 kaxmoro
¢parmeHTa OBUTH M3TOTOBIEHBI 00pa3mbl. ['eomeTpust 00pasoB ompe/eneHa B co-
orBerctBuu ¢ [OCT 1497. Jlns olleHKH HapaMeTpOB HEPa3pyIIArOIIEro KOHTPOJIS
B TIPOIECCE PACTSDKCHUS BBINOIHINCH nepuoandeckue octaHoBku (10-12 mt.).
Taxke B paboTe ObUIA OICHEHA JAErpajaliis MEXaHHYECKHX CBOMCTB IMOCIE JKC-
IulyaTtaiuy. beina BbIMOMHEHa Oblla BBIIOJHEHA OLIEHKAa OCTaTOYHOIO pecypca
[Typr] vcTBITAHHBIX 0OPA3IIOB C UCMOJIL30BAHUEM KOMITJIEKCA METOJIOM KOHTPOJISI
M0 COOTHOIICHHUIO

[Tnpr] = min(Ty), (1)
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rae 3HA4YCHUEC OCTATOYHOI'0 peCypca MO KAXIAOMY UX MCTOJOM (Tl) OInpeacIsIeTCA
KakKk

|y *PHTy| y-y°
[r] =" 4, = =, @
H

rae Y*PYT— mpenenpbHOE 3HAUYCHUE KOHTPOJIMPYEMOIO MapameTrpa s JaHHOM
cranu (Ompeaessiioch Kak 3HaUYeHHe Mapamerpa IpH Mpezeae MpodHoCcTH), ¥ —
CcpenHee 3HaueHHE KOHTPOJIMPYEMOTO MapaMeTpa, MOITYYeHHOEe B pe3yibTare u3-
MepeHuit; Ay — CKOPOCTh pocTa (CHHXKEHHsI) KOHTPOJIUPYEMOTO apaMerpa; TIe
Y% — ncxomHOE 3HAYEHHE KOHTPOIUPYEMOTO HapameTpa (1is IOCTABKM MeTasla);
C — Bpems skcrutyartaruu [2]. C ucnonb3oBanueM cootHoreHuit (1) u (2) Ha oc-
HOBE HayajbHBIX U3MEPEHHUH MapaMeTpPOB Hepas3pyIIarollero KOHTPOJs ObLT pac-
CUYMTaH OCTATOYHBIN pEeCypc MaTepHasa B 3aBUCHMOCTH OT CPOKa SKCIUTyaTallUu.

W3 pe3ynbTaToB HCHBITAHUH CIEAYET, UYTO C YBEIUYCHHEM CpOKa 3KCILTyaTa-
MK TPEeIIbl yIpyrocTu (Gy), TeKydecTu (G,) U MpOYHOCTH (G,) MaTepuana CHHU-
JKAIOTCS, OJJHAKO IUTACTUYHOCTh MarepHalla OCTAaeTCs JOCTATOYHO BBICOKOW ISt
BCEX HCCIIETyeMbIX 00pas3IIoB.

CoracHo pe3yJibTaraM OIICHKU KOAPIUTHBHOM CHJIBI, OCTATOYHBIH CPOK CITYXK-
051 coctasmn 37,5 et ans odpasua nocie 17 ner skcruryararyu u 18,4 roga — mo-
cie 26 neT. AHajau3 mapaMeTpa BUXPEBBIX TOKOB MOKa3biBaeT 3HaueHus 19,9 jet
u 32,1 roga cooTBeTcTBeHHO. Hambonee TOUHYIO M PEaTMCTUYHYIO OLIEHKY NaeT
METOJI M3MEPEHUS JIEKTPHUYECKOTO COMPOTHBICHUA. COracHO €My, OCTATOYHBIH
pecypc 00oux 00paslOB OKAa3bIBACTCS CYIISCTBEHHO HUKE M COCTaBJISCT BCETO
2,3ronga u 0,2 roma mnst o6pasnoB ¢ 17 n 26 rogamu Ciry>kOBI, 9TO U MOXKET OBITH
NpUHSATO B KauecTBe mapametpa [Typr]-

3akuawuenne. B pesynbraTe pabOThl SKCIICPUMEHTAIBHO MOATBEPXKICHO 3HA-
YUTENBHOE YXYALICHUE MPOYHOCTHBIX CBOMCTB MaTepualia TpyOOIpOBOIOB TEIJIO-
BBIX cerelt mocine 17 u 26 yieT sKcIutyaTanuy, nokaszana 3()()eKTHBHOCTh KOMILICK-
ca MmeromoB HK (BUXpETOKOBBIH, YJIBTPa3BYKOBOH, KOIPUUTHBHON CHIIBI,
JIEKTPUYECKOTO COIPOTHUBIIEHHUS) U TUATHOCTUKH COCTOSIHUS MaTepuaia U Mo-
HUTOPHHTA €r0 JCTpajalliy B Ipolecce HarpyxeHus. Pazpaborana u anpoOuposa-
Ha METOJIKA OIICHKH OCTAaTOYHOIO pPecypca, OCHOBaHHAs Ha JAHHBIX Hepaspylia-
OIIIETO KOHTPOJISI U PUCK-OPUECHTUPOBAHHOM TIOXO0IE.

CruUCcoK UCTOYHUKOB
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Annomayus. Ilpedcmagnenvt HOgbie MEMA-I6PUCMUKU, NOCMPOECHHbIE HA OCHO8E CAUAHUA
Memo008 poego2o UHMENNeKMA U Keanmosvlx anzopummos. Ilomenyuanvhoe peuienue
30ect npedcmagnaemcs Kyoumamu, 8 npoyecce NoUCKa OHO I80TOYUOHUPYEM ¢ HOMOULIO
Kkganmogwlx onepamopos. Ipu smom nymem nabnodenus 080uuHo2o (Uiu 6euecmeennozo)
U3 K8aHmMog8o2o npedcmasienust (Kyoumoe) gopmupyromes u 0opabamul8aiomcs 080UUHbLE
(unu sewecmeennvie) pewenusi, komopwvie oanee 006800amcsi 0o (cyb)onmumanbHbIX ¢ Ho-
MOWBIO POEBbIX ANCOPUMMOS. B Kauecmee poesvix MOJICHO UCHONb308ANb PAZIUYHbIE ATl
20pUMMbL. ONMUMUZAYUYU PO YACTUY, MYPABbUHbIE, NUeUHbLe U Opyaue.

Knroueeswvle cnosa. keanmosvie 6bIYUCTIEHUS, poesble allcOpUmMbl, KeAHMOoeble poesble dl-
copummbsl, MypaesbuHvle ajicopummbpl

Brenenue. PoeBbie alrOpUTMBI — 3TO METa-3BPUCTUKHU JJIsi PEHICHUS BBIYUCITHU-
TEJBHO CJIOKHBIX 3a/1a4 ONTHUMH3AI[MK, OCHOBHAS MU KOTOPOI'O COCTOHMT B TOM,
9TOOBI PaCIpEeACTUTh BBIUMCIHUTEIBHBIE PECYPCHl MO MHOXECTBY OTHOCHUTEIBHO
IPOCTHIX areHTOB, Ha3bIBAEMbIX YacTUIaMK posi [1]. [Ipu 3ToM moBeeHe KaK a0
YaCTHUIIbI ONUCHIBACTCS MPOCTHIMU MPAaBHJIAMH, KOTOPbIE CPOPMYITHPOBAHBI HA OC-
HOBaHUM MOJICIH MOBEJICHUH pealbHBIX KOMIIOHEHTOB posi. OpUrnHaIbHbBIE Mpe-
JIOXKEHMsI, TAKUE KaK pPOEBBIC, MyPaBbHHBIC M MHOTHE JAPYTHe pa3paOOTaHbl s
KJIACCHYECKUX KoMIbIoTepoB [1, 2]. B HacTtosiiiee Bpemsi, pO€BbIe METObI Tepe-
OCMBICITMBAIOTCS, U Pa3padaThIBAIOTCS] HOBBIC alTOPUTMBI, C UCIOIB30BAHHEM MO-
Jenieit KBaHTOBOW MeXaHWKH [3], KOTOpBIe HCIONB3YIOTCS B KIACCHYECKUX KOMITh-
I0Tepax.

MeToabpl U MaTepHAJNBI;, pe3yabTaThl. IlpeacraBienue(KOIUPOBAHNE) TIO-
TeHIManbHOro pernienus B KA ucrnonb3yer koHIenmnuto Kyoutos. CocTosiHAE Ky-
OuTa MOXET OBITh MpelcTaBieHo cieayromum oopasom [3] W>o|0+B|1, rme o

1  — KOMIUICKCHBIC YHCIIa, KOTOPBIC ONPEISISIOT aMIUIUTY bl COOTBETCTBYFOIIIIX
cocTossHUi. KBaHTOBBIN POEBBIN allTOPUTM COJEPKUT CICAYIOLIUE OCHOBHEIE 3Ta-
nbl. CHavata BHIMOIHSICTCS WHUIIUATM3AIM KBaHTOBBIX yacTuil Q(t) € mocieayro-
MM HAOJIIOJICHUEM, TJI€ KBAHTOBOC INPEACTABICHHUE IMEPEBOIUTCS B JBOUYHOC
(unm BemecTBeHHOE). Jlanee olneHUBAETCS KAYeCTBO MOMYYCHHBIX YACTHIL (BOMY-
HBIX WJIM BENIECTBEHHBIX) U 3aIIOMHUHAOTCS JIYUIINE PEIIEHNs. B OCHOBHOM IIHMKJIE
OCYIIECTBISIOTCS YKa3aHHBIC TPOIEyphl HAOTIOACHUS ¥ OIICHKH TMOTEHITMALHBIX
pelIeHui, mocie KOTOPHIX MPOWU3BOAMTCS MOAW(DHUKANNA KBAHTOBOM TOITYIISIINN
C WCITOJIB30BAHUEM CTAHIAPTHBIX KBAHTOBBIX BeHTHICH [3, 5]. OTMeTHM, 4TO 3/1€Ch
MPOIEAYPHl HAOIIOICHUS U U3MEHEHHUS MOAU(MUIIMPOBAHBI Ui pabOThl C KBAHTO-
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BBIMH YaCTHI[AMH BMECTO KBAaHTOBBIX 0cOOei (KOTOpbIC MCIOJIB3YHOTCS B KBAaHTO-
BBIX JBOJIIOLMOHHBIX anroputMax) [4, 5]. OCHOBHBIM OTJIIMYHEM JAHHOTO aJTrOPHT-
Ma SBJISETCS TO, YTO M3 KBAaHTOBOTO IPEACTABICHUS MyTeM HaOmoaeHus Gopmu-
pyIoTCs U 00pabaThIBAOTCS ABOMYHBIC (MM BEIICCTBEHHBIC) PELICHHS, KOTOPbIC
najee DOBOAATCS 110 (Cy0)ONTHMANbHBIX C IIOMOIIBIO POEBBIX aIrOpuTMOB. Kpome
POEBBIX AJITOPUTMOB, B OCHOBHOM, Ha 3Talle <«IOBOJKH» MOXHO HCIIOIb30BaTh
U JIpyrue, HalpuMep, MypaBbHHBIC, MYETHHBIE U T. 1. [5]. Hanpumep, B [6] pa3pa-
0oTaHa KBAaHTOBas BEPCUsl IMYEIMHBIX AITOPUTMOB, Ha3BaHHAas KBaHTOBO-
BIOXHOBJICHHBIMU TuenuHbiMU anroputMamu (QABC). Kak u cBOM mpeiiecTBeH-
HHUKH 9TH aJITOPUTMBI, KaK MPABUIIO, TPUMEHSIOTCS JUIS YUCICHHON ONTHMU3ALUH
U anpoOHpoBaHbl Ha ATAIOHHBIX (yHKIHAX. OHU anmpoOMPOBaHBI Ha TECTOBBIX
npoOsieMax YHCICHHOW M KOMOHMHATOPHOI ONTHMHU3AlMH, TAaKHUX, KaK 3aJadu
00 yKJIaJIKe pIOK3aKa U KOMMHBOSIKEPA.

3akao4yenne. KBaHTOBbIE POEBBIC AITOPUTMBI 00JIAIAIOT OTIIMYHON CIIOCO0-
HOCTBIO TJI00AJILHOTO MOUCKA M3-3a CBOETO Pa3Hoo0Opa3usi, 00YyCIOBICHHON BEpo-
STHOCTHBIM TIPEACTABICHUEM, U MMEIOT OBICTPYIO CXOAMMOCTBIO K JIY4IIEMYy pe-
IICHHUIO 32 CYUET WCIOJIb30BAHUS MPOLUIONW HCTOpUsi 0coOu. OHU TaKKe HUMEeT
OoJiee 4eTKOE YCIIOBUE 3aBEPUICHHS U MEHbBIIIEE BPEMsI BEIYMCICHHHA. DKCIICpUMEH-
TaJbHBIC PE3YJIbTATHI sl TeCTOBBIX (yHKImiA (benchmarks) moareepaniu »tu xa-
PaKTEPUCTHUKH.
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Annomayusn. Ilpedcmaeien Gpetimeopk Onsi ONMUMUAYUU PASMEUJEHUS. 2eTNEPOLEHHbIX
0amuuKos Ha NI0CKoU MoHmasckou nogepxuocmu BIIJIA. Modeno gpopmanuzyem peuwierue
KaK Habop napamempos NONONCEHUs U OpUeHmayuu O Kajcoo2o OAmyuKa u ucnonb3yem
mnozokpumepuanvuyio onmumuszayuio (NSGA-Il) ons oonospemennoi munumusayuu ne-
pexpoimust noaei 3penus (AO) u onmumusayuu yenosot coenacosannocmu 063opa (AAD).
Memoo npomecmuposan Ha mpex npomwluieHHbIx naamepopmax. Ilonyuentnvie KOMROHO8-
KU OeMOHCIPUPYIOM CYWECMEEHHOe VIyHuleHUe NPeONONCEHHbIX MEMPUK NO CPABHEHUIO
¢ 6a30801 3a800cKoll KOHQpuUeypayuetl.

Knrwoueswte cnosa: cencopwi, BIIVIA, onmumusayus, eenemudeckuii aieopumm, pasmeue-
HUe ceHcopos

BBenenue. PazMemnienne MaTduKoB SBISIETCS KITIOYEBBIM (DAKTOPOM, OMpPEmEIsio-
OIMM KayecTBO MEPUENTUBHBIX MOJyJeld aBTOHOMHBIX cucTeM. HempaBuiibHast
KOMITOHOBKA IPUBOJUT K M30BITOYHOMY IEPEKPBITUIO MOJICH 3peHHs WiId, HaIlpo-
THB, K HEIOCTATOYHOMY TOKPBITHIO HAOI0JaeMOH CIIEHBI, YTO YXY/IIaeT KA4YeCTBO
CIIMSTHUSL JAHHBIX U HaJEKHOCTh OOHApY KEHHUS.

CymecTByromue noaxonsl (OKyCHPYIOTCsl JH00 Ha ABYMEPHOM IOKPHITHH
Y MIPOCTHIX TEOMETPUYECKUX METPHKAX, JIMOO HA OJHOTHITHBIX CEHCOPHBIX KOH(U-
Typauusx; X paclIMpeHue Ha IeTEPOreHHbIC U MPOCTPAHCTBEHHO OTPaHUYCHHBIE
w1aTGOpPMbI OCTAETCsI OrpaHuYeHHBIM [1, 2].

Metoabl 1 MaTepuajbl; pe3yasTaThbl. [Inardopma Mogenupyercss Kak nps-
MOYTOJIbHAS MJIOCKasl MaHesb. [l KaKAoro AaT4uKa ONTUMHU3UPYIOTCS. KOOpAMHA-
ThI MOHTaKa ¥ OPHEHTANUs. XapaKTepUCTUKH, TaKHe KaK JajJbHOCTb M YToJ 0030-
pa, cuuTaloTcs (UKCUPOBAHHBIMH Ui 3aJaHHOM MogjanmsHOCTH. Llenp —
OJTHOBPEMEHHO MUHUMU3UpoBaTh AO MeXIy mapaMH JaTYUKOB U MaKCHMHU3HUPO-
BaTh AAD oTHOCHTENBHO LIEHTPOHAAa KOHPHUTYpauuH. 3aada permaercs Kak IByX-
KpUTEpHaNbHasl ONTUMM3alUs C BOCCTAHOBJICHMEM MHOXecTBa Ilapero-onTu
MAaJIbHBIX PELICHUN.

B pa6ote npumensiercs renernueckuit anroputm NSGA-II [3]. [lanssiii anro-
puTM OBLT BEIOpaH Gyarogapsi BO3MOKHOCTH 00€CTiedeHNsI KOMIJIEKCHON BH3YallH-
3allMu Ipoliecca.

B peann3oBaHHOM I'€HETHYECKOM JITOPUTME Kaxaasi 0coOb KOOUPYET pa3Mme-
nieHue (pUKCHPOBAaHHOTO KOJIWYECTBA JATYUKOB M, KOTOPOE OCTAETCs TIOCTOSHHBIM
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BO BCEX MOMYJSIUAX. JIsl KaXI0oro Aarynka KOAMPYIOTCS KOOPIWHATHI MOJIOXKeE-
HUSL U yroJl OPHEHTALWH, B TO BpeMs KaK NAIbHOCTh M yrojl 0030pa OCTaloTCS
HEU3MEHHBIMU B 3aBUCHUMOCTH OT MOAAJIBHOCTH AaTuuka. HauvanpHas momynsmus
dhopmupyeTcss TyTeM KONMUpOBaHUA 0a30BOM KOH(UTYpAIMH, MPEI0CTABICHHOMN
M0JIb30BaTENEM. B KauecTBe reHETUUECKUX OIIEPATOPOB UCIIOJIB3YIOTCS KPOCCOBED,
a TaKKe MyTalluH, PeaJl30BaHHBIE Yepe3 HOPMAIBHOE paclpeielcHue Ulsl mapa-
METPOB TOJ0KEHNU U paBHOMEPHOE paclipesie]IeHHe A YIJIOB OpHEeHTaIUH.

B skcnepuMeHTanbHOM 9acTH MCCae0BaHMsl IPEI0KEHHBIM ONTUMHU3aLMOH-
HBIA (PpeliMBOPK MOABEpPraeTcsl OIEHKEe Ha TPeX KOMMEPUYECKH AOCTYITHBIX MYJIb-
tupotopHbix BITJIA. Ha xaxnoii ruiatrgopme ycraHoBieHO 1o 8 naT4ukoB (Kamep).
B kadectBe 6a30Boil KOH(Uryparmu (MCXOZHON TOYKH) MPUHATO OPUTHHAIBHOE
pa3MelieHre JaTYUKOB OT MPOU3BOJIUTENS, ONIMCAHHOE B PYKOBOJCTBE IOJIb30BA-
tenst. [lannas 6a3zoBas KOH(UTypalsi CpaBHUBAETCS C TPEMsI ONTUMH3UPOBAHHBI-
mu Bapuantamu: Max AAD, Min AO.

Pe3ynbTaThl 3KCIEPUMEHTOB JIEMOHCTPUPYIOT, YTO ONTUMH3UPOBAHHBIE KOH-
¢burypanun 3HAYUTENBHO IPEBOCXOIAT 0a30Bble KOMIIOHOBKM IPOHM3BOAMTEIIS
10 00EUM IIEJIEBBIM METPHUKAM.

3akiouenne. PazpaboTannblii ppeiMBOPK AEMOHCTPUPYET CIOCOOHOCTH MO-
ny4yaTth [lapero-onTuManbpHBIE KOMIIOHOBKM MJISi TETEPOTEHHBIX KOH(HUTyparuit
JIaTYMKOB HA OIPAaHUYEHHOM MOHTAXHOW IaHenu. Pe3ysbTaTel MMOKa3bIBAKOT, YTO
cOaJaHCUPOBAaHHBIE PeIIeHHsI 00ECIeYNBAaOT CYLIECTBEHHbIE yIy4lleHus mo ode-
UM METpPHUKaM.
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Annomauusn. Hzyuenvl mopghonozo-anamomuuecKue Xapaxmepucmuky KCUiemHulx u @no-
IMHBIX TyHell U HIOIMHOU MANCEBOU NAPEHXUMBL 8 X00€ POPMUPOBAHUSL 200ULHO20 NPUPO-
cma 8 cmeonax COCHbl 0ObIKHOBEHHOU, TUCTNBEHHUYbL CUOUPCKOU U elu CUDUPCKOUL, NPOU3-
pacmarowux 8 0OHUX dKOoN02udecKux yciosusix. Ilokaszano, umo ymeuvuienue y0eibHO20
00beMa KCUEMHBIX JIyYell C8A3AHO C YMEHbUEHUEeM UX WUPUHbL 8 30HAX PA3GUMUs mpaxe-
uo. Haiioeno, umo xapaxmepucmuku (DroIMHbIX Jyueil MeHee 8apuadeibHbl N0 Ce30HY.
Coodeporcanue 1yuegoul u maxcesoll NapeHxXumMbl 8UOOCHEeYUDUUHO.

Knwuesbte cnosa:. cocna 06blKH06€HHa}Z, JUucmeeHHuya cu6upc1<aﬁ, €Jlb cu6upcz<aﬂ, 200uu-
HO€ KOJIbYOo, KCuilemHnole u ¢J103MHbl€ Jyuu, (pflOS/l/lHa}l napenxuma

Brenenue. ®opMUpOBaHKE TOJUYHBIX TPUPOCTOB KCHUIEMbI M (DJIO3MBI Y Pa3HbIX
BUJIOB JIPEBECHBIX PACTCHUI MPUBJICKACT BHUMAaHHE MHOTHX HccienoBareieii. De-
HOJIOTHSI KaMOWANBbHOU JEATEIFHOCTH W MOP(]OJIIOro-aHATOMUYECKHE XapaKTepH-
CTHKHU DPa3BUBAIOIIMXCS Y 3PEJIbIX KJIETOK KCWJIEMbl M (DJIOIMBI JUIsS psifia BHIOB
OTHMCAaHbI TOBOJILHO MO ApoOHO, HarmpuMep [1]. Ho kpoMe coOCTBEHHO MPOBOIAIINX
JJIEMEHTOB JPEBECHBIE CTBOJIBI COJEPIKAT PAa3BETBICHHYIO CETh IMMAapeHXHMHBIX
AJIEMEHTOB, POJIb KOTOPHIX B KU3HECATECILHOCTH JIEPEBa BEJIMKA U MHOTOOOpa3Ha,
HECMOTPS Ha CPABHUTEJILHO HEOOJIBIIYIO MX JIOJ0 B GHOMacce cTBoja [2].

Lenpto HamIero ucciaeoBaHus ObUTO ONpPEACTUTh aHATOMO-MOP(OJIOrHIECKHE
MapaMeTphl JIY4eBOH CHCTEMBI Pa3BUBAIONINXCS CJIOEB paHHEHW W TMO3IHEH ApeBe-
CUHBI U (PJIO3MBI, a TaKXKe THKEBOH (IOAMHOM MapeHXHWMbI B CTBOJIAX COCHBI
OOBIKHOBEHHOM, JINCTBCHHUIIBI CHOMPCKOW W €l CHOMPCKOM, PAaCTYIIMX B OAHUX
9KOJIOTHYECKHUX YCIIOBHSX.

MeTtoansl 1 MaTepuaJibl; pe3yiabTaTbhl. OObEKTAMHU UCCIEAOBAHUS CITY KU
JiepeBbsi cocHBbl 00bIKHOBeHHOM (Pinus sylvestris L.), nucTBeHHUIIBI CHOUPCKOI
(Larix sibirica Ledeb.) u enmu cubupckoii (Picea obovata Ledeb.) onmoro Bo3spacra,
pacTyime B OJMHAKOBBIX 3KOJOTHYECKHUX YCIIOBUSIX B MCKYCCTBEHHOM HaCaxKie-
HuK BOMM3M 1. Upkytcka [3]. Juamerp CTBOJIOB MOJEIBHBIX JEPEBLEB HAa BBICOTE
1,3 M B cpenneM cocraBuia 16, 22 u 14 cm, Beicota nepeBbeB 12, 13 u 10 M s
COCHBI, TUCTBEHHUIIBI B €U COOTBeTCTBeHHO. C 3-5 CTBOJIOB JIepeBbEB KaX0TO
BHjIa crenuanbusiM mpoboiinukom (0,8 cM B quaMeTpe) oTOHpany KEPHBI ¢ HHTEP-
BaJIOM B JIBE HEJICNM C KOHIIA ampelis 10 CEPEMHbI OKTSIOPS, PUKCHUPOBAIN B CMECH
¢dopmanuH-3TaHON-YKCycHass kuciota 5:90:5. [lomepeunsie cpe3sl KepHOB
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oKpamuBaiy BoAHBIM pacTBopoM 0,05 % kpe3nnoBoro ¢puoIeTOBOTO U 3aKITI0YAH
B muuepuH. i omnpeneneHus MPOUEHTHOTO COAEpKAaHUS JIydyeld B paHHEH
U MO3JIHEH ApeBecuHe U (HI03Me MCIOIb30BAIM METOJl IMHUH, PEKOMEHIOBAHHBIH
A.A. Suenko-XmeneBckuM [4]. M3MepeHus: MPOBOANIN 0] MEKPOCKOIIOM C OKY-
asipoM 7% 1 00bekTHBOM X20, HCIOB3Ys JIMHEWKY OKyJsip-MHKpoMeTpa. Ha Tpex
y4acTKax MOMEPeYHOro cpe3a Ha 5 NHHHAX B TAHTCHTAJIBHOM (IIapauIelIbHO rpa-
HHIIE TOAWYHOTO CJI0S) HANPABICHUU CUUTAIH KOJMYECTBO JIyded M M3MEPSUIH MX
mmpuny. ConepaHue TSKEBOH MapeHXMMBl B TOAWYHOM MPUPOCTE (IIO3MEI
OTIPEICIISIIH, pacIoiaras JUHEHWKY B paarajbHOM HampaBieHUH (MepHIeHANKYJIISIP-
HO TPaHMLE TOAUYHOTO CIIO).

BousiBiieHO, 4TO ynenbHBI 00BEM Jiydeil B pa3BUBAIOIIEMCSI TOAUYHOM CIIOE
KcuneMbl cocTaBisul 8-12 % B 30HE pocTa pacTsKEHHEM, Tlie TpaxeuIbl UMEIH
TOHKHE TIEPBUYHBIE KJIIETOYHbIE CTEHKU. B 30HE BTOPMYHOTO yTOJNILIEHHS TPaxeun
3TOT TMOKa3aTejb YMEHBIIAJCS W B 3pelioi kcuieme He npeBbiman 4-8 %. [lpu
3TOM YMEHbIIANACh MIUPUHA JTy4Yel, UTO, MO-BUANMOMY, H 00YCIIOBIMBAJIO CHIDKE-
HHUE COZepKaHMA JIydel B 30HaX cO3peBaHMs Tpaxeul. Takas TUHaMuKa MoKas3are-
neil ObUTa XapaKTepHa AJisl BCEX MCCIEIOBAaHHBIX MOpoA. B memoM panHss npese-
CHHA FOJMYHOTO CJIOSI COCHBI U €11 MMeJla MEHBIIUH yIenbHbI 00beM JTydel mpu
MEHBIICH WX IMUPUHE, YeM IO3JHSSA, JUIs JMCTBEHHUIBI TEHACHIMS OKa3aliach
MPOTHUBOIOJIOKHONH. OTMEUEHO HEKOTOPOE pacIIupeHue Jydel Ha rpaHuIe TOany-
HBIX CJI0€B KCUJIEMBI Y BCEX TPEX XBOMHBIX.

B mpoBonsmieit ¢osme conepkaHue Jydeld ObUIO CYIIECTBEHHO BBIIIE, YEM
B KCHJIEME U MOYTH HE MEHSUIOCH B XoJe pa3BUTUs ciod. Hanbonpmmm copepika-
HUEM OTJIMYajiach (iodMa JUCTBEHHUIBI, HAUMEHBIINM — COCHBI, TIPHU 3TOM IIIH-
prHa (IO3MHBIX JTy4del I TpeX Mopo] OKa3ajgach NPaKTHUECKH ouHaKkoBor. Co-
JepKaHUe TsDKEBOHW IapeHXUMBI B TmpoBozsiied (iaosme Hambosiee BEJIHKO
y TUCTBEHHHIBI — 110 25 % oT 00beMa roJuyHoOro npupocTa, y ena — a0 18 %,
y cocubl 10—-12 %, paznuuus nocroepusl mpu p<0,05.

3akioyenue. s Tpex BUJIOB XBOMHBIX, PACTyIIUX B OJMHAKOBBIX yCIOBUSIX,
BBISBIICHBI BUAOCTIEN(pHUYICCKHE 0COOCHHOCTH Pa3BUTHS JTYYEBOH U TsDKEBOU Ia-
PEHXHUMBI IIpH (OPMHUPOBAHUK TOAUYHOTO MPUPOCTA.
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Annomayusn. Ilpeocmaenensvt pe3ynvmamol UCCIE008AHUL 83AUMOCEA3U MeMNepamypHo-
BILANCHOCMHO20 COCIMOSIHUSL OPEBECUHbL U CMAYUBACMOCTIU NOBEPXHOCMU Oepe308020 WNo-
Ha npu CKAeuBaHuU Kapobamuoopopmanboecuonblmu cmoramu. s anaiuza nosepxHocn-
HbIX A8NEHUL UCNONIb308AICA MEMOO onpedeneHus: Kpaegozo yaaa cmauusanus. Ilokasano,
YUMo Npu HAHeCeHUU KI1ee8o20 COCMAsa HA NOBEPXHOCHb WNOHA enadicHocmbvio 6 Y% kpae-
801l Y201l CMAYUBAHUSL OKA3bIBAEMCs Gblue, yem npu eradxchocmu wnona 11 %. Coenan
861600, UMO NPU UCHOIb30GAHUU GLAINCHO2O WNOHA 0Decneyusaemcs 6oiee pasgHoMepHoe
pacmexanue Kiesi N0 NO8ePXHOCIU WNOHA.

Knrouegvie cnosa: snasxcnocms opesecunsl, hanepa, winom, Kpaegou y2oi cCMaiuéanus

Beenenue. [Ipu npousBoicTse haHephbl HAKETHBIM CIIOCOOOM B MPOIIECCE FOPSTYETO
IPECCOBaHMS NPH CKICUBAHUHU JIMCTOB IIIOHA HEPEAKO B TOTOBOH MPOAYKIMH I10-
SBIIAIOTCS «IIy3BIpH» M3-32 HM30BITOYHOTO [ABJICHHS MAapora3oBOd CMeCH, YTO
B CBOIO OYepe/b SIBIACTCS CIEACTBHEM IOMAJaHusl B MAKET JIMCTOB LITOHA MTOBHI-
IIEHHOH BJIAYKHOCTU. B NPOM3BOICTBEHHBIX YCIOBHAX HE YHAaeTcsi 00eCHeduTb
OJIMHAKOBYIO KOHEYHYIO BJI2YKHOCTH LIMOHA, YTO NpUBOIUT K 3—7 % Opaka ¢anep-
HOH MPOTYKINH U3-3a 00pa3oBaHus «Iry3bIpeii». [103TomMy pa3paboTka TeXHOJIOTUH
CKJICHBaHMs IMOHA BIaHOCThIO 10 10-11 % sBisiercss akTyalbHO# 3agaueii.
B KocTpoMckoM rocyaapcTBEHHOM YHHBEPCHUTETE COBMECTHO € (paHEpHBIM KOM-
ounatom «CBe3a B KocTpome» MpoBeIcHbl HCCIEAOBAHHS MO JBYXATAITHOMY IO-
CIIOWHOMY CKJICMBAHUIO mImoHa [1].

Metoabl 1 MaTepuaJIbl; pe3yabTaThl. i1 aHamm3a MOBEPXHOCTHBIX SBJICHUM
UCIIONIH30BAJICSI METOJI OTPEEIICHUs] KpaeBoro yria cMaunBaHus. OTOHpauch Jiu-
CThI Oepe30BOro IIMOHa TOMMMHONW 1,5 MM OAMHAKOBOH MIOTHOCTH. YacTh ImmoHa
BBICYIIIMBANACh 10 BIXHOCTH 6 % (Cyxoii LIMOH), Apyras 4acTh — 10 BIAKHOCTH
11 % (BnaxHblit mioH). M3MepeHus KpaeBOro yria MPOBOAWIKCH C MHTEPBAIOM
B 30 c. B xauecTBe mprmepa Ha PUCYHKE MPEACTABICHBI PE3yIbTaThl ONMPEAeICHH
KpaeBoro yria cMaduBaHusi cyxoro (a) u Biaxksoro (0) mimona. Onupasice Ha pe-
3yJIbTaThl paHee BHINOJHEHHBIX HccienoBanuii KpuBoporosoit AWM. [2], Pycakosa
N.C., Bapankuwoii I'.C., Uy6unckoro A.H. [3] u apyrux aBropos [4], Obi1a BeIicKa-
3aHa TUIOTE3a, YTO C OJHOM CTOPOHBI NPH B3aWMOACHCTBHUH KJIEEBOI'O COCTaBa
C BJIQYKHOW JPEBECHHOM MPOUCXOAUT JIyUlllee CMAauMBaHUE IIOBEPXHOCTU U pacTeKa-
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HHE KJIesl; C APYTOi CTOPOHBI — IPHU YBEINYEHHUHU BIAXKHOCTH JPEBECHHbBI CHHU)KAET-
Csl KOJIMYECTBO PEAKIIMOHHOCTIOCOOHBIX THAPOKCHIIBHBIX TPYNITUPOBOK, BXOASIINX
B COCTaB JPEBECHOM MaTpPUIIBl M YYACTBYIOIIMX B 00pa30BaHUU XUMHUYECKUX CBSI3CH
C BBICOKOMOJIEKYJISIPHBIMU COEJUHEHUSIMU KJIEEBOTO COCTABA.

KpaeBow yron cmaunBaHus:
a — CYyXOro WNOoHa; 6 — BNAXHOTO LINOHA

3akJiloueHne. YCTaHOBICHO, YTO CMAayMBAaE€MOCTh ILUIOHA BJIAYKHOCTHIO 6 %0
XyJKe, YeM IIMOoHa BIaKHOCThIO 11 %. DTO mpensTcTBYeT paBHOMEPHOMY pacIpe-
JIEJICHUIO KJIEEBOTO COCTaBa IO MOBEPXHOCTH mmoHa. [Ipu 3ToM HabiromaroTcs
pa3nMuMs B 3HAUCHMAX yTJIa CMAYMBaHMUS BJIOJb H MONIEPEK BOJIOKOH. Ha BaxkHOM
mirnoHe yron B teuerue 30 cek. yMmeHblnaercsa ¢ 73° 10 18° B HanmpaBiieHHH BIOJb
BOJIOKOH U ¢ 79° 1o 41° B HampaBJICHUHU MOINEPEK BOJOKOH. [l CyXOro LIMOHa
YCTaHOBJICHO YMEHBIIIGHHE YTJIa CMayuBaHHUSA COOTBETCTBeHHO co 118° mo 97°
BJIOJIb BOJIOKOH 1 co 129° 1o 117° monepex BOJOKOH.
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Annomayusn. O0a3amenbHbiM YCA08UEM COBEPUIEHCIMBOBAHUS YYEOHBIX NIAHO8, COO0ePICa-
HUsL OUCYUNTIUH S6TISIeMCA Yuem MPeHO08, ONpedesouux mpanchopmayuio mpaHcnopm-
HbIX MEXHON02Ull, He0OXO0OUMOCMb USMEHEHUs. NPUOPUMEMO8 HAVYHBIX UCCAe008AHULL
no mexuocgheprou bezonacHocmu Ha mpauwcnopme. B ocHoge memodonocus obecneueHus
VCMOTUBO20 U OE30NACHO20 PA3BUMUA MPAHCHOPHIHBIX CUCHIEM C 8bIXOOOM HA MPAEKMo-
PUr HU3KOY2nepooHoeo pazsumus. Paccmompenst 3a0auu, komopwie He0OX00UMO peuiunsy,
Op2aHU3AYUOHHO-MEeMOoduYecKue npooaeMbl, NPUHYUNLL OP2AHU3AYUY AOEK8AMHOU HAYUHO-
00paszosamenvHou cpedbl YPOBHEBOU NOOOMOBKU KAOPO8.

Knioueswie cnosa:. mpancnopm, mexnocepnas 6e30nacHocmy, HAYy4HO-00pA306aMeNbHASL
cpeda

Beenenue. [loaroroBka HHXEHEPOB K PEHICHUIO MPo0IeM 0e30MacHOCTH B TEXHO-
cdepe MOKET OBITH YCIICIIHO peai30BaHa TOJIBKO B paMKax (POPMHPOBAHUS COOT-
BETCTBYIOILEH Hay4HO-0Opa30BaTEeNbHOM Cpelbl 10 3ampocaM KOHKPETHBIX OTpac-
JIell DKOHOMMKH, B TOM YHUCIIE TPAHCIOPTHOIO KOMIUIEKCA. B CBA3M ¢ mepexonoM
Ha YPOBHEBYIO HOATOTOBKY KaJpOB IO HampasieHuio «TexHocdepHas Oe3omac-
HOCTb» CUTyalUsl B METOJUYECKOM IIAHE yCIIOKHUIACH.

Metoapl U mMaTepuajbl, pe3yJbTaThbl. /i1 MOATOTOBKH BOCTPEOOBaHHBIX
CHELUAINCTOB MO TeXHOC(hEepHOH 0€30MacHOCTH HHIYyCTPUAIBHBIMU NAapTHEPaMU
00s13aTeNTbHBIM  YCIIOBUEM COBEPIICHCTBOBAHMS Y4YeOHBIX IUIAHOB, COACPIKAHUS
JUCLUIUIMH SBJSIETCS Y4YeT TPEHIOB, ONPENENSIOMNX KapAWHaJIbHYIO TpaHchop-
MaIlMI0 TPAHCIIOPTHBIX TEXHOJIOTHI Ha cpenHecpouHyto nepcrnektuBy [1-3]. dan-
HBIE TPEHIbl MEHSAIOT TPUOPHTETHl HAyYHBIX HCCIENOBAHWUH MO TEeXHOC(EpHOit
0e30macHOCTH Ha TPAHCIOPTE, MPENNONIaraloT KOPPEKTUPOBKY aKCHOMATHKH, Lie-
JeronaraHusi, NpeaMeTa, OOBEKTOB MCCIEAOBAHMSA, COACPKAHHS CHEHHAIBHBIX
JUCIUILINH.

3akaouenne. [lpu GopmupoBannn HayIHO-0O0pa30BATENBHOW Cpeabl HEOO-
XOJIUMO COXPAaHEHUE €CTECTBEHHO-HAYYHON M MHXKXEHEPHON OCHOBBI U OTPACJIEBOM
HalpaBJICHHOCTH OakajaBpHaTa M MarucTpaTypbl, peaju3alusi CUCTEMHOTO MOJ-
X0Jla K OIEHKE KOJOTHYECKOH yCTOHYHMBOCTH, YHEPreTHIeCKON 3(PPEeKTHBHOCTH
M KOMIUIEKCHOM ©€30MacHOCTH TPAaHCIOPTHOW NESTEIBHOCTH W METOHOJIOTHH
pUCK-MeHekMeHTa. Ha ypoBHe OakanaBpuaTra CHCTEMHBIN OIXO MPH TOATOTOB-
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K€ BBIMYCKHBIX KBannukamoHusix pador (BKP) pacnpocrtpaHseTcs Ha OTAEINb-
HBbIC 00BEKTHI, TEXHOJIOTHU C MPHUBSI3KOH 00BEKTOB K TeppuTopuu. Ha ypoBHEe Ma-
ructparypsl B BKP paccmaTpuBaeTcsi O3UTUBHOE M HETaTUBHOE BIUSHUE TPaHC-
[IOpTa Ha MPUPOLAHYIO U COLMAIBHYIO Cpely Ha DKOJIOTMYECKH 4YyBCTBUTECIBHBIX
TEPPUTOPHAX U pa3pabaThIBAIOTCS MEPHI 110 CHUKCHUIO HETATUBHOTO BO3JIEHCTBUS
MIPH COXPaHEHHUH ero (PYHKITMOHATBHON 3(PPEKTUBHOCTH. 3aJI0TOM yCIIEITHON TO/I-
TOTOBKU WH)XCHEPOB IO TexHOC(epHoU Oe30macHOCTH sBiisseTCs (HOpMUPOBaHUE
COOTBETCTBYIOIICH HAayYHO-O0pa30BaTENLHOW CPEAbl MO 3ampocaM KOHKPETHBIX
oTpacieil 5JKOHOMUKH.
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Annomayusn. Paccmompenvt u 0anvl asmopckue onpeoesieHust Kame2opusim <mexHoaou-
YeCKasi He3aBUCUMOCTbY, KMEXHOIOSUYECKUL CY8EPEHUNEm, KMeXHOI02UYecKoe udep-
€cmeo» ¢ no3uyull 20cyoapcmeenno2o paseumust. Illokazano ux pasiuyue u npUMEHUMOCMb,
npesicoe 8ce2o, 8 MeNCOYHAPOOHO-NOAUMUYECKOU YACTU.

Knwuesnvle cnosa. mexuonocuueckutl cyeepernument, mexHojiocuieckoe Jluaepcmeo, MexHo-
JlocudecKas He3asucCuUmMocmy, umnopmosameujenue, Hoeast IdKOHOMU4YeCcKas Mooenb

Brenenue. BoiGop cTpaTernueckoro myTH pa3BUTHsS CTPaHbl — OJIHA U3 Haubouiee
00CyXaeMbIX U OCTPBIX T€M, KaK B TEOPETUYECKOM, TaK M MPAKTHIESCKOM TLIAHE
[1]. Be3ycmoBHBIM, B COCTOSIHUH YKE€CTKOTO TPOTHBOCTOSHHS C «KOJUIEKTHBHBIM
3anmasomM», BUAUTCA HEOOXOAMMOCTh COOCTBEHHOTO HAYYHOTO U TEXHOJIOTHYECKO-
ro pasBuTHA. B opuIIHATEHOM TOIMTHYECKOM IT0JIE MOSBHIIOCH CPa3y HECKOIBKO
BapHAaHTOB TAKOTO Pa3BUTHS. TEXHOJOTHYECKHH CYBEPEHHUTET, TEXHOJOTHUYECKOE
JUIEPCTBO, TEXHOJIOTHUYECKas HE3aBUCUMOCTh. HecMOTpsi Ha MX CXOXKeCTh, KaX-
JIBIA U3 HAX 00JIaJ]aeT CBOMM HAIOJTHEHHEM: TTOUTHYECKUE AEUCTBUS, HHCTUTYIIH-
OHaJbHOE o0ecreveHne, HeoOXouMble pecypchl u np. Llenas paboTel — mombITKa
dhopMamu3anue TEPMUHOB W TTOMCK BO3MOXKHOCTEH WX WCIOJB30BAHMS JJIS Iejeit
CTPaTErUYECKOTO Pa3BUTHS.

Marepuajsl 1 METOABI; Pe3yJbTaThl. ccienoBaHue mocTpoOSHO Ha UCIIOIb-
30BaHUHM CHCTEMHOTO, MHCTHUTYIIHOHAIBHOTO, MOJUTHKO-IOPHINIECKOTO, CpaBHU-
TETBPHOTO aHanu3a. VICMONB3yIOTCS aBTOPCKOE OMPENCICHUE TEXHOJIOTHYECKOTO
cyBepeHuTeta [2], aBTOPCKOE OMpeaceHHe W OOOCHOBAHHWE TEXHOJIOTHYECKOTO
mugepeTsa [3].

Kareropun «rexHonormueckass He3aBUCHUMOCTB», KT€XHOJOTHUYECKUN CyBepe-
HHUTET», «TEXHOJIOTHYECKOE JIMAEPCTBO» 0003HAYAIOT COCTOSHHE TOCYIapCTBa,
CKJIQ/IBIBAIOIICECS B PE3yJIbTaTe KaKUX-TO MPOIECCOB U JICUCTBUH, TO €CTh MOTYT
paccMaTpuBaThes, Kak IIelb Pa3BUTHS TOCYapCTBa. YKa3aHHbIE KATETOPUU UMEIOT
pa3Hoe 3HAaYCHHE, HECMOTPS Ha TO, YTO B TEKYIIUX AOKYMEHTaX 4acTO HCIIONb3Y-
FOTCSl K&K CHHOHUMBI, WX KaK OJIM3KHUE 110 CMBICITY TEPMHHEI.

Texnonozuueckuti cysepeHumem — BO3MOXHOCTh M CHOCOOHOCTH CTpaHBI
HE3aBUCUMO OT BHEIIHMX BO3JCHCTBUN BHIOUpPATh, CO3/IaBaTh, MPHUOOpETATh, WC-
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MOJIb30BaTh, MPOJIBUTATh TEXHOJIOTHH, KOTOPhIe 00ECIEeUNBalOT TeOMOIMTHIECKOE
JIUIEPCTBO U TPEHMYINECTBA B JOJTOCPOUHOM pPasBUTHH [2]. TeXHOIOTHUECKHUIT
CYBEpEHUTET TPeOyeT pa3BUTUS HE TOJILKO KPUTHYECKUX U CKBO3HBIX, HO U TeEp-
CIICKTHUBHBIX TGXHOJIOFPlﬁ, YTO HEBO3MOXKHO 0O€3 pa3BUTUA HAYKH, HAYYHO-
TEXHOJIOTHYECKOTO TPOTHO3UPOBAHMS, CHUCTEMBbl 00pa3oBaHHsA. B COBpeMEHHBIX
YCIIOBHUSIX BCE Yallle pACCMATPUBAETCS KOJUIEKTUBHBIM TEXCYBEPEHHUTET, Oa3upyro-
LIUICS Ha COTPYIHUYECTBE I'OCYIapCTB B PAMKaX ITAPTHEPCTB.

Texnonozuuecrkoe audepcmseo TOCyNapCTBA — KaTETOPHsl, MPEAIOJIararolas
HaJM4Ae HAI[MOHAIBHBIX KOMITAHUA — JIHJIEPOB, paboTaronux Ha TI00aThbHBIX
PBIHKAX; HAIIMOHAIBHBIX TEXHOJOTHMYECKUX IUTAT(OPM, HCIOIB3YEMBIX IITHPOKUM
KPyroM WHOCTPaHHBIX IOJb30BATENIeH; HAIMOHAJIBHBIX TEXHOJOTHH, HCIIONb3ye-
MBIX B Pa3HBIX CTpaHax; CTaHIApTOB, CO3[aBaEMBbIX B IOCYJapCTBE U HCIIOJIb3ye-
MBIX HHOCTPAaHHBIMHU JIUIAMH; CKOOPAWHUPOBAHHBIX HAIMOHAIBHBIX WHBECTULIUH
B PYyTUX TOCYAapCTBax; CHCTEMbI «MSTKOW cuiibl» U mp. [3]. TexHomoruueckoe
JTUAEPCTBO BO3ZMOKHO TOJIEKO B paMKaX MEXTOCYIapCTBEHHON CHCTEMEL.

Texnonozuyeckas He3a8UCUMOCHb — COCTOSIHUE TOCYNapCTBa, MPU KOTOPOM
OHO CITIOCOOHO OPTraHM30BaTh C TIOMOIIBIO OTEYECTBEHHBIX OpPTraHU3alui pa3padoT-
Ky ¥ HCIIOJIb30BaHUE B MPOM3BOJICTBE TEXHOJIOTH, 00ecneunBarommx 000poHO-
CIIOCOOHOCTh M 0€30MacHOCTh TOCYJapcTBa, HOpManbHOE (HYHKIIMOHHPOBAHUE
9KOHOMHMKH ¥ 0011ecTBa (0OeceueHre MpoayKTaMy MUTaHus, (hapMarieBTHIeCKOH
HPOJYKIMEH, TPAHCIIOPTOM, CPEIACTBAMU MPOMU3BOJICTBA U MP.) M MEPCHEKTHBHOE
9KOHOMHYECKOE pPa3BUTHE.

PaccmaTpuBaeMbie cTpaTernvyeckue IeNd CBSI3aHbl MEKIY COOOW, HO MEXIY
HUMH €CTb U pa3jinyus. TCXHOHOFI/I‘ICCK}/IO HE3aBUCUMOCTb MOXHO 0603Ha‘H/ITL,
Kak 0a30BYI0 KaTEropHio, Mojpa3yMeBarollyto obOecrieueHue Ojar, 0e3 KOTOPBIX
HEBO3MOXKHO HOpMalbHOE (PYyHKIMOHHPOBAaHWE TOCYJapCTBA U JKU3HB €Tr0 TpaxK-
naH. TeXHOJIOTHYeCKH CyBepEeHUTET HE 00sA3aTebHO BKIFOUAST MOJHYIO HE3aBH-
CUMOCTh, a COYETaHHE HE3aBUCUMOCTH B OOJACTH OCHOBHBIX JISl TOCYAapCTBa
TEXHOJIOTHHA, M POPMHUPOBAHUS APY>KECTBEHHBIX MAPTHEPCTB, I PA3BUTHS WHBIX
3HAYMMBIX TEXHOJIOTUNA U MPOU3BOACTB. TEXHOJIOrMYECKOE TUAEPCTBO TOCYapCTBa
codueTaeT B cebe NeATENbHOCTh Ha MHUPOBBIX PHIHKAX HAIMOHAJIHHBIX KOMITAHUH
1 aKTUBHYIO IMMOJIUTUYCCKYIO ACATCIIBHOCTDL B MC)KI‘OCy,I[&pCTBCHHOfI CHUCTEME T'OCYy-
JlapcTBa.

OTAenbHO OTMETHM «UMIIOPTO3aMEIICHNE», KaK YaCTO MCIIOB3YEMBIN B PSILY
JaHHBIX TECPMHUHOB. HpI/IHHI/IHI/Ia.HI)HOG pasinynue B TOM, 4YTO TEXHE3aBUCHUMOCTD,
TEXCYBEPEHUTET, TEXJIHUIEPCTBO — ATO COCTOSHUE TOCYAapCTBa, TO €CTh IENb €ro
pa3BUTHUA, a UMIIOPTO3aMCUICHUE ABJIACTCA MPOLECCOM, KOTOpBIﬁ BEIACT K AOCTHU-
JKEHUIO TICITH.

3akaouenne. PaccMoTpeHHBIE TEPMHUHBI UMEIOT KaXKJbId CBOI CMBICH B II0-
JUTUYIECKOM, OOIIECTBEHHOM M IOPHUIMYECKOM ITUCKypce. 3HAUMMOCTh MEXTyHa-
POIHO-TIOTUTHYECKOM COCTABIISIFOIICH BO3PACTAET OT TEXHOJIOTHYECKOW HE3aBUCH-
MOCTH K TEXHOJIOTWYeCKOMy nuaepcTBy. llomuTtndeckuii gaxTop obycmaBmmBaeT
HEOOXOAMMBII HA0Op NEHCTBUM rOCy1apCcTBa JUIS JOCTHIKCHUS KaXKI0H U3 LIEIICH.
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AHanus npouecca BO3SHUKHOBEHUSA U Pa3BUTUA OMACHbIX
TEXHOT€HHbIX COObITUM ANA NPOrHO3npoBaHUA 3KOJIOrM4ecKoro yu.l,ep6a

®depoceeBa TaTbsiHa AneKceeBHa fedoseeva.t@bmstu.ru
SPIN-kopn: 6418-8229

MITY um. H.3. baymaHa, Mockea, Poccus

Annomayusn. [Iposeden KOMIAEKCHBIT AHAU3Z NPOYECCA PA3BUMUSL ONACHO20 MEXHO2EHHO-
20 cobvimus (OTC) om cmaduu 803HUKHOBEHUSL 00 Peanu3ayul HeeamugHbIX NOCIeOCmEull,
sKIIOUAsL IKON02UUecKull yujepo. Paspabomana nputuHHO-cle0CmeenHas MoOeib, 6KIO4d-
WA CYeHapuu pasgumus ONACHbIX MeXHO2eHHbIX cobvimuil. Ocoboe GHUMAaHUe YOeneHo
Gaxkmopam, onpedesiowuM MAcumad u Xapakmep 6030elicmeusi Hd KOMINOHEHMbl OKpY-
arcaroweli cpeovl. Moodenwb nozgonum 6onee MOUYHO UOEHMUPDUYUPOBAMb PUCKU, NPOSHO3U-
posamb Macumad nociedcmauil 0isk KOMHOHEHNO8 OKPYAHCAlowell cpedbl, NPUMEHIMb Me-
Ponpusimusi no NpeoynpedlcoeHuio U CHUNCEHUIO IKOI02u4eckoz2o yujepba. Pezyibmamol
pabomer mocym 6vlmb UCNOAb308AHbL O OAAbHelel paspabomKy MemoouKu OYeHKU
aghpexmusHocmu meponpusimuti no cHudICenuro sxorocuneckozo yuepoa om OTC 6 yensix
COBEPUIEHCMBOBAHUST CUCTNEM YNPAGIEHUS NPOMBIUIEHHOU U IKOIOSUYECKOU 0e30nacHo-
cmwio.

Knioueswie cnoga: onacnoe mexmnozennoe codovimue, IK0N02UYeCKUll yuepo, upe3ebiyatinasl
cumyayust, RPUYUHHO-CIeOCMEEHHASL MOOENb, OKPYIHCAowas cpeoa

BBenenue. AKTYaJIbHOCTH HCCIICIOBaHMSI OOYCIIOBJIIEHA POCTOM TEXHOTEHHOM
Harpy3kyd Ha OKPY’KaIONIyI0 Cpeay W MacIiTaOoOB TMOCIEICTBUN OMACHBIX TEXHO-
TeHHBIX COOBITHH, B TOM YHWCIIE€ YPE3BBIYAWHBIX CHUTYAIMi, MPUBOISIIINX K 3HAUH-
TEJILHOMY 3KoJiormyeckomy yuiepOy. IlpoBeneHHbIli aHanu3 mokasai, 4To Cyle-
CTBYIOIIE TIOAXOABI BO MHOTOM HE€ YYHUTHIBAIOT TONHYIO IENOYKY Pa3BUTHS
9KOJIOTUYECKOro yiepda — OT WCXOAHON MPUYHMHBI 10 BO3AEUCTBUSA Ha OKpY’Ka-
IOIIYI0 Cpely, @ TOJIBKO paccMaTpUBAIOT TEXHUYECKHE WM OpraHU3allMOHHBIE ac-
MEKTHI, YTO CHMXaeT d()h(PEeKTUBHOCTH IUIAHUPOBAHUS MPEIYTIPEAUTENBHBIX MEPO-
npuatuil. OTCyTCTBHE €OMHOTO CHCTEMHOrO MOAXO0Ja K aHAIN3y LENOYKH
pa3BUTHUSI HETATHBHBIX MOCIENCTBUN OT TEXHOTCHHOTO BO3JIEHCTBHS Ha OKPYIKaIO-
LIyI0 cpeay Mpenonpenein pa3paboTKy NPUUYNHHO-CIEICTBEHHOH MOZIETH aHa-
JM3a npouecca BO3HUKHOBeHUs U pa3Butud OTC 1 nmporHo3upoBaHus 3KOIOTH-
YECKOTO yiepoa.

MeTtoabsl W MaTepuajabl, pe3yJbTaTbl. [IpuunHHO-CIENCTBEHHAs MOETh
MPECTaBIIeT COOOW TIOCIENOBATENBHOCTS PAa3BUTUS COOBITUH OT HAaKOIUICHUS
MPEANOCHUIOK J0 peai3aluy K0JIorndeckoro ymepba. McxonHsiM coObITHEM pac-
CMaTpHBaeMO¥l LIETIOYKH SBIsIETCs onacHoe TexHorenHoe coobitie (OTC). Ha mep-
BOM 3Tare MPOUCXOIUT (OPMHUPOBAHUE CITIOCOOCTBYIOMIETO (PaKTOpa, KOTOPBIN MpH-
BeAer k peammzauumu OTC, Hampumep HaKoOIUICHHME Je(PEKTOB WM OIIMOKU
repcoHana. BepostHocTs Bo3HUKHOBeHHS caMux OTC 3aBucHT 0T 3 (HEeKTHBHOCTH
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MeponpHAThil Mo ux npeaynpexaeHuto [1]. TToTHOCThIO HCKITIOUUTH BEPOSITHOCTh
Bo3HUKHOBeHUSI OTC HEBO3MOXKHO, TO3TOMY JalbHEUIIICe pa3BUTHE COOBITHS OIpe-
nemnsiercst 3GQGEKTUBHOCTRIO MEp MO €ro JIOKAIM3alud U JUKBHIALWK HA paHHEH
CTaJlH, TAKUX KaK CUCTEMBI aBTOMATHYECKOTO OTKJIFOUYEHHS U OJOKMPOBOK, TEXHU-
YEeCKUe CPEeCTBa JIOKANU3aluy U Hedrpanu3amuu. [Ipu ycnoBun ycnemHoro (yHk-
IIMOHMPOBAHUS CUCTEMbl aBTOMAaTUYECKON 3allUThl U OIEPATUBHOIO PearupoBaHus,
OTC moxer ObITh JIOKaTM30BaHO, HE BbI3bIBAsI 3HAYMTEIILHOTO yinepba. B ciyuae
He3(GEKTUBHBIX NPENYIPEAUTETIBHBIX MEP OMACHOE TEXHOTEHHOE COOBITHE MOMKET
nepepacté B upe3Bbruaiinyto cutyarmio (UC) TexHorenHnoro xapakrepa [2]. Tlepe-
pactanne OTC B UC MoxkeT oka3bpIBaTh HETATUBHOE BO3JEHCTBUE HA HKOJOTMUYECKOE
COCTOSIHHE TEPPUTOPHH, COIIPOBOKAATHCS IKOJIOTHYESCKHUM yIepoom [3].

B ocHoBe ucciieIoBaHMs JI€KUT CUCTEMHBIM MOIXO0M, COYETAIOIINI TPUINHHO-
CIIEICTBEHHBIN aHanu3 11 BbIABIeHUS NpuduH OTC u MeToApl KOIMYECTBEHHOMN
OIIGHKH pPHCKa, BKIIOYas pacueT BEPOATHOCTEH OTKAa30B M MAacIITabOB TOCIEN-
CTBUH.

3akawuenne. [Iponecc pazsutus OTC B UC c 3komornyeckum yuepoom
npeAcTaBiIsIeT co00l MPUUNHHO-CIEICTBEHHYIO IIETIOUKY, Ha KaXIOM 3Tare KOTo-
poH CyIIEeCTBYET BO3MOYKHOCTH INPENOTBPALICHUS AANBHEMIIEro pa3BUTHUS Hera-
THBHOTO CIIeHapHs. MacmTald 3K0JIOTHYEeCcKOro yiiepoa Ompeaensercs He TOJIbKO
UCXOIHBIM COOBITHEM, HO M 3(P(EKTUBHOCTHIO MPUHATHIX MEPONPHUATHH Ha Kax-
JIOM 3Tane, a Takke BHEIIHUMH (akTopamu. [IpemioskeHHas 1ernoyka pa3BUTHS
COOBITHS MOXKET CTaTh OCHOBOM JUI HHTETPATBHON OleHKH 3((EeKTHBHOCTHA MEpO-
OPUATHH TO TPEAYNPEKICHUIO OMACHBIX TEXHOTEHHBIX COOBITHH M CHUKEHHIO
9KOJIOTUYECKOTO yIiep6a, KoTopasi JOJDKHBI YYUTHIBATh MTOKA3aTeNH, OTPAKAIOIINE
peasibHble pe3yIbTaThl MPEANPUHATHIX MEP: CKOPOCTh PEAKLUU M 3KOJOTHUECKYIO
Pe3yIbTaTUBHOCTb.
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MpumeHeHUe ynbTpa3BYKOBOW Aecopbuumu npu oTKauke
aHAJIMTUYECKUX INEKTPOBAKYYMHbIX NpubopoB

XaH6ekos NBaH ®aputoBuy™? ivan.khan@yandex.ru

" AO «Xummed», Mockea, Poccust
2MITY um. H.3. Baymara, Mockea, Poccus

Annomayusn. beicmpoe docmudicenue u coxpamnenue 6biCOK020 6aKyyMa GHYMPU AHATUMU-
YecKUX INeKMPOBAKYYMHBIX NPUOOPOE BbICOKO2O pa3peuleHus, K KOMOPbM OMHOCUMCS
OonbUOEe KOIUHECTNBO MACC-CNEKMPOMEMPOS, ABNAEMCI 8ANCHLIM PAKMOPOM, BAUAIOUJUM
HA 4Y8CMBUMENbHOCIb NPUOOPOS, UX PA3Peuaioyyio cnocooHOCmy, COOMHOUeHIe noe3-
HO20 cueHana K wiymy, a makdice, Cpok ciyxcovl. B cospemennvix macc-cnekmpomempax,
KaK npasuio He NPUMEHsIIONCs Memoobl YCKOPEHUs 0eCoPOYUOHHBIX NPOYECCco8, 80 MHO2OM
9MO 00BACHAEMCA HATUYUEM 6HYMPU NpUbOpo8 Oemaneli U3 NOJUMEPHBIX MAMeEPUaLos.
s yeenuuenusa spgpexmusnocmu omrauky npubOpo8 603MONCHO NPUMEHEHUE YIbMPA36)-
K0B020 8030€UiCMBUSsL, YCKOPAIOWe20 0eCopOYUOHHbIE NPOYECChl ¢ NOBEPXHOCMEN MEEPO020
mena 6 8aKyyme u npu 3mom He mpeoyroujeco 0ONnoIHUMeNbHO20 8bICOKOMEMNEPAMYpPHO2O
npozpesa 0be32axcusaemMvlx NOGepXHOCHel.

Kniouesvie cnosa. eaxyym, oecopbyus, akycmuueckas 0ecopoyust, 371eKmpo6axyyMHvle
npubOpbl, MACC-CREKMPOMEMPbL

BBenenue. JIt000if mporiecc OTKaYKH MOXKHO pa3eIUTh Ha J[Ba 3Tara.

1) Dran HU3KOTO BaKyyMma, KOT/ia OCHOBHOE BJIMSHHE Ha JABJICHUE OKa3bIBAIOT
rasbl M Iapbl B 00beMe BaKyyMHOU KaMephl.

2) DTan BBICOKOTO BaKyyMa, KOTJa JaBJICHHC 3aBHCHT TJIABHBIM 00pa3oM OT
TUIOIIAIM BHYTPEHHEH MMOBEPXHOCTH BaAKYYMHOW KaMepHI.

bonee 3¢ hekTUBHOI OTKauke CIOCOOCTBYIOT SIBICHHS, AKTHBUPYIOIIME HCIA-
penue, necopbumoo u nuddysuro. HemocraTkn 0TKauku Macc-CIIEKTPOMETPOB TIPH
KOMHATHOW TEMIIEpaType WIHA ¢ HE3HAUYUTEIBHBIM MMPOTPEBOM 3aKITIOYAIOTCS B TOM,
YTO OHHU JUTUTENBHBI M He () (EKTUBHBI, OUEBHHO, YTO MPH MPOCKTUPOBAHHU TAKUX
npuOOpoB pa3pabOTUMKU HE BHHUKAJIH B TEOPUIO OTKAYKU. TEXHOJOTWS OTKAYKH
OITKCBIBAETCS XUMHUYCCKOU Teopuel CIOKHBIX peakitii [1]. ClaoKHble peakiun —
3TO PeaKlyH, MPOTEKAIOIINE B HECKOJIBKO DJIEMEHTAPHBIX CTaAWH, KOTOpbIE HAYT
OZIHOBPEMEHHO (IapaJuleNIbHO) MM MOCIIEA0BATENILHO, IIPHYEM HEKOTOPbIC CTa 1K
MPOXOJIAT C YIACTHEM MPOMEKYTOUYHBIX BEIIECTB, HE SBJISIONIMXCS HA UCXOTHBIMH
BEIIECTBAMH, HH ITPOAyKTaMu peakuuu [2,c. 183].

Metoabl U MaTepuabl; pe3ybTaThl. Kak yrBepxaaercs B pabore [1], me-
XaHU3M YJIBTPa3BYKOBOTO axkTHBHpOBaHHA Iu(Py3uu u JecopOUUU COCTOHUT
U3 TPEX MPOLIECCOB!

1) orenenre KOJUIOWAHBIX YaCTHIl OT IMOBEPXHOCTEH MOCPEICTBOM COOOIIE-
HUS UM MEXaHUYeCKOTO YCKOPEHHUS;
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2) axtuBaiys 1ud(y3un Mo rpaHMIEaM 3epeH U (a3 B MOJMKPUCTALTHYECKOM
BEILECTBE;

3) 3axBat ra3oBBIX aTOMOB BHEJPEHUS B TBEpAOM pacTBope ¢ metaiuiom (H, C,
N, O) akycTH4ecKoil BOJHOW U JalbHEHIIIee UX YIacTHEe B HAMIPABICHHOM MEPEHO-
Ce CO CKOPOCTHIO, OTHOCUTEIBHO OOJIbIIEH CKOPOCTH TEIIoBOi auddy3uu [3].

B xoze mpoBeIeHHBIX YKCIIEPUMEHTOB, [1] OBLIO yCTaHOBIICHO, YTO TPH MPO-
XOXKICHNU YIbTPa3ByKOBOH BOJHBI uepe3 MaTepHasbl eKTpoBakyyMHBIX CBY
npuOOpOB B HHUX CYIIECTBEHHO YCKOPSIETCS MPOLECC Ta300TACICHHUS, a 3HAYHUT
ONHMCAaHHBIA METOJ MPUMEHHUM U B aHAJUTHYECKUX AIIEKTPOBAKYYMHBIX ITPHOOpax.

3akiouenne. DpPeKTHBHBIE OTKauka U 00e3raKMBaHWe BHYTPEHHUX IOJIO-
CTel M MaTepHajoOB 3JIEMEHTOB 3JEKTPOBAKYYMHBIX IPHUOOPOB €CTh HEOOXOOMMOE
yCIIOBHE WX JOJATOBeYHOH M 3ddekTuBHON padoTel. [IpuMmeHeHue ynbTpa3zByka
MO3BOJIACT OOOHTH OTrpaHUYEHHS TPAAULMOHHBIX METOAOB oTKaukH. [Ipumenenue
OTHMCAaHHOTO METO/Ia OTKAYKH aHAJUTHYECKHUX MPHUOOPOB BBICOKOTO pa3peIIeHUs
MO3BOJIUT TMOBBICUTh YYBCTBUTEIHLHOCTH NPUOOPOB, UX pa3pelIarolIy0 CHoco0-
HOCTB ¥ COOTHOILIEHHUE MOJIE3HOTO CUTHAJIA K IIyMY.
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YucneHHbIt meTopg onpepeneHns KoaduumeHTa conpoTuBeHUNA
Tpy6onpoBoAHOM apMaTypbl

Yepkacos Muxaun AHapeeBuy
Huxeropopos Anekceit Muxainosuy nizhegorodov1619@gmail.com

000 «Kopnopayus AK «3CKM», Mockea, Poccusa

Annomauyus. Ilpeonoxcen memoo onpedenenusi Kodpuyuenma conpomueienus mpyoo-
NPOBOOHOU apMamypbl ¢ PA3HbIMU BAPUAHMAMU UCHOTHEHUS NPOMOUHOU YaACmu U HOMU-
HANHLIMU OUAMEMPAMYU NYMeM YUCTeHHO20 MOOETUPOBAHUS HA OCHOBE BLIYUCIUMENLHOU
euopozasoounamuxu. B pesynomame npogedennozo uccied08anus 8blNOIHEHO KOHCTPYU-
posatue mpy6onpoeooOHOU apmMamypel, pacCMOmpena MamemMamuyeckas Mooeib meyenus
Cnabo cocUMaemon HCUOKOCmu 8 mpyoonpogooe 1 Memoo ee peutenus, a maxdice npogedeH
CPABHUMENbHDLIL AHATIU3 PE3VALIMAMOE YUCTEHHO20 pacuema Ko3g@uyuenma conpomueéne-
HUsL CO 3HAYEHUAMU HAMYPHLIX UCHLIMAHUL. AHATU3 NOTYUEHHBIX Pe3VIbmamos noomeep-
OUl 803MONCHOCHb NPUMEHEHUSL NPeOSIOHCEHHO20 Memoda O pacuema Ko3pguyuenma
conpomusinenus mpyoonposooHOU apmMamypol.

Knruesste cnoea: 2uopoeazoounamura, Kodg@uyuenm conpomusnerus, mpyoonpoeooHas
apmamypa, 2uopasiuyeckuli CmeHo, IKCHepUMennt, KOHCMpPYuposanue, 3a08UxXcKka, 2uopas-
JUYeCKas XapaKmepucmuxd

BBenenue. Ha cerogusimauii 1eHs TpyOOIIPOBOAHBIE CHCTEMBI MPEACTABISIOT CO-
0oii Hambojee pacmpocTpaHeHHBIH, 3>(Q(EKTUBHBIHI W HSKOHOMHYHBIA CIIOCOO
TPaHCIIOPTUPOBKH JKUAKOCTEH M ra3oB. TpyOomnpoBonHas apmarypa siBIsSETCS OJ-
HOW M3 COCTAaBHBIX YacTel TPyOOIPOBOIOB, 3aITMPAIOIINI SJIEMEHT B 3THX yCTPOK-
CTBax IepeMeIaeTcs NepIeHANKYISIPHO OCH TTOTOKa padoueii cpersi [1].

MeToasl 1 MaTepualbl; pe3yibTarbl. OnHa U3 NPoOiIeM, ¢ KOTOPBIMU CTall-
KHBAIOTCSl KOHCTPYKTOPBI — OTCYTCTBHE METOAWK YHCIEHHOTO OTpeneneHus K03(h-
(HLHEHTa COTIPOTUBIICHHS, PE3YIIbTAThl KOTOPBIX UMENH Obl MUHUMAJIBHOE PACXOXK-
JICHHE C TTOKa3aTeNIIMU HAaTYyPHBIX UCIBITAaHUH TPYOOIIPOBOJHOW apMarypsl [2].

Hannas paGota BKiIIOYaeT B ce0sl MPOBEACHUE CPABHUTEIBHOTO aHAIN3a 3HA-
4yeHuil ko3duienTa conpoTUBICHNS NPU PA3INYHBIX HOMUHAJIBHBIX JUAMETPax
TpyOOTIIPOBOHOW apMaTypbl, MOJYYEHHBIX B XOJ€ YHCICHHBIX JKCICPUMEHTOB
C HCIIOJIb30BAHUEM CPEICTB KOMIIBIOTEPHOI'O MOJETHPOBAHUS B OTEYECTBEHHOM
nporpaMMHoM Komiutekce KompasHlow, u 3nauenuit, HabI0qaeMBbIX B HATYPHBIX
UCTIBITAHUSX (CM. PUCYHOK).
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MpoBefeHUs HaTYPHbIX UCMbITAHWIA 3aNOPHO apMaTypbl:

1 — UcnbITyemblii 06paseL; 2 — NMHWSA BXOAA B MPOTOUHYIO YaCTb UCMbITYyeMOro 06pasia;
3 — IMHMA BbIXOAA U3 MPOTOYHON YaCTW UCTbITYyeMoro obpasua

3akouenne. B pesynbTare onpeeneHpl HOPEITHOCTH MOJICIUPOBAHHS 3HA-
4yeHus: KodQQUIMEeHTa COMPOTHBICHHUS TPYOOIPOBOAHOM apMaTypbl. CienaH BbI-
BOJI 0 MUHUMAJIBHOM IMPOLIEHTHOM OTKJIOHEHWH MOJYYCHHBIX 3HAYCHUN MPHU JBYX
passbIx crocobax ompeneneHus KC. Takum oOpa3zoMm, MareMaTHdeckoe MOJIEIH-
posanue B ITK KompasFlow mo3BossieT mporHO3UpOBaTh U MPEABAPUTEIBHO OII-
TUMH3UPOBATH THIPABIHMUECKHE XaPAKTEPUCTHKH TPYOOTPOBOIHOM apMaTyphl, 4TO
3HAYUTEJIHHO COKPAIIaeT HPOJI0JKUTEIBLHOCTD IIMKJIa KOHCTPYHPOBAHUS.

CruUCcoK UCTOYHUKOB
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Annomayusn. Hazeanvl yuenvie-npeoulecmeeHHUKU, HA MUPOBO33PEHUU KOMOPBIX OCHOBbL-
saemcs pazpabamovléaemas memooonocusi bezonacnocmu. Ilokazano npumenerue kameeo-
PUATBHO20 NO0X00a K onpeodeieHuio Kooopegnexcuu. Bvipabomanvt mupogosspenueckue
NONOdNCEeHUS, BKIIOUAS NONOMdCeHUe 0 camoopeanusayuu Yuusepcyma. Ommeuerno, umo
MeHmanbHas Kooopeghiekcus. cyocmpamupyemcst Ha aHCamoOisax KIemoK 207106H020 MO32d,
a 3HAHUSL RPEOCTAION COBOKYNHOCHISIMU KOOUPYIOWUX 3HAKOG, BOCIPOU3BOOSUIUX NO3HABA-
emble 00bekmul 8 e20 cHocmudeckux omoenax. Iloxkazano, ymo kooupyrowue 3HaxKu npeoo-
PA3yIomcst ROCPeOCmEoM MpPaHCcKOOUpoBanusi. Bvickasano ymeepoicoenue 0 mom, 4wmo o6y-
yeHue 6 001acmu mexHochepHol 6e30nacHOCmu O0INCHO NPUBOOUMb K (DOPMUPOSAHUIO
YCMOUYUBHIX HEUPOHHBIX AHCAMOLEll, A0eK8AMHO 80CNPOU3E00AUUX NOZHABAEMOE.

Knroueswie cnosa: xamezopus, Ynueepcym, kooopeghnexcust, KoOupylowue 3HaKu, HetipoH-
Hble aHcamobau, obyuenue, mexHocghepuas 6e30nacHocmo

BBenenne. Pe3ynbTaTHBHOCTh METOJOB MO3HAHUS 3aBUCUT OT TOTO, B KAKOW Mepe
ONHMCaHUE TO3HABAEMOT0 TOXKIECTBEHHO TMO3HABaeMOMY. TOXIeCTBEHHOCTh, WU
a7IeKBaTHOCTh, METOJa IO3HAHWS BO MHOTOM OIPEIENIEeTCS MHPOBO33PEHUEM.
[Ipemnaraemast MmeTomonorus 0€30MaCHOCTH 0a3UPYeTCs HA MUPOBO33PECHUH MHO-
TMX YYEHBIX-TIPEIIIECTBEHHUKOB, cpeau KoTopeix B.W. Bepmanckmit [1],
H.H. Moucees [2], B.C. Crenun [3], .. Kyapun [4], 1.0. Xe66 [5] MupoBos-
3pEeHUE OTHOCUTEIILHO TEOPUH OE30MaCHOCTH JIOJIKHO OMHCHIBATHCS MOCPEACTBOM
MOJI0’KeHUH, 3((HEKTUBHBIX NPU UX UCTIOIH30BAHU.

MeToabl 1 MaTepHANIBI; PE3YJbTATHI. MUPOBO33PEHUCCKUE TTOJIOKEHHS MOXK-
HO TIPEICTaBUTH OOOOIICHHO, TPUMEHSS KaTerOPHANbHBIA TOAXOJ, W, KakK CIel-
cTBHE, KpaTko. OTHpaBHas KaTeropus, MPEACTaB/SAIOMmAs cO00H MPenebHO eMKOE
060011eHre, — 3TO Kareropus YHuBepcyMa [2]. YHHBEpPCYM eCTh BCE CYIIECTBYIO-
mee, BKJTFOYasl CYIIECTBYIOIee MEHTAIbHO. YHUBEPCYM SIBIIAETCS 0a30BOI KaTero-
pHeli I MPOU3BOIHBIX KATETOPHIA, BKITIOUAast KaTeropuio kogopediekcuu. Komope-
(iekcust — BOCIIPOW3BEACHUE KAKHM-JIN0O OMOTHYECKUM (POpPMOOOpa30BaHUEM
Ipyrux (GopMooOpa30BaHMid, UX B3aWMOBJIHMSHHUS, BHEIIHEIO OKPYXKCHUS, HAITOJHE-
HUSI, BOJIIOIUOHUPYIOIIEE OT MPUMUTHBHOTO BOCHPOM3BEICHUS JI0 MEHTAJIBLHOTO
CaMOBOCIIPOM3BeaeHu [6].

Mertonomnorusi 6e30MacHOCTH Oa3upyeTcss Ha HECKOIBKUX MHPOBO33PEHUYCCKUX
MOJIOKEHHSX, BKITIOYAS MOJI0KEHHE O CAaMOOPTaHM3aIlNH, B COOTBETCTBUH C KOTOPHIM
SBOTIOLMST OMOTUYECKOI COCTABIISIONIEH YHUBEPCYMa ONPENENSETCS €e CaMOOPTaHH-
3a1yeid, 00yCIOBIEHHOH BOSHUKHOBEHHEM U Pa3BUTHEM CIIOCOOOB KOTOPE(IICKCHH.
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MenTansHas xKomopediaekcus cyocTpaTupyercsi Ha aHcaMOJIsIX KIETOK TOJIOB-
Horo mosra [5—7]. B COOTBETCTBMU CO CHCTEMHOJOTHYECKUM U CIIHOJIOTHUECKUM
METOJaMH 3HaHHUS €CTh COBOKYITHOCTH KOAMPYIOIIMX BEIIECTBEHHO-IHEPIETHU-
YEeCKUX 3HAKOB (OMOTHYECKOi MH(OpMANUK WM CHUCHIMH), BOCIPOU3BOISIINX
NO3HAaBaeMble OOBEKTHI B THOCTHYECKHX OT/ENAaxX rosoBHoro mosra [6]. Koampy-
IONTIMH 3HAKaMH THOCTHYECKOTO OTAeNla KPOME COCTOSHUS U KOJIUYECTBA YaCTHI]
BEIIECTBA M 3apsi/IOB CTAHOBATCS cTepeodopManny HEHpOHHBIX aHcaMOliei, onpe-
JiesiseMble B3aUMHBIM PacIOIOKEHHEM HEMPOHOB M MEKHEHPOHHBIMU CHHAIICAMHU.
[IpeobpazoBaHmre OAHMX PA3HOBUAHOCTEHW KOAMPYIOIIMX 3HAKOB B JIPYTHE MpE.-
CTaeT TpaHCKoAgupoBaHueM. HyskHas crepeodopmarnus aHcaMOIel, a Takxke uX
¢ukcupoBaHue, obecreunBaeTcsi TeHOMHBIM (YHKIIHOHUPOBAHHEM HEHPOHOB, BO-
BJICUEHHBIX B KOJUPOBaHHE.

3akawuenne. OO0ydyeHre B 001acTH TEXHOCHEPHOH 0E3011aCHOCTU JOKHO
MPUBOANTHh K (DOPMHUPOBAHUIO yCTOMYMBBIX HEHPOHHBIX aHCaMOJel, aJeKBaTHO
BOCTIPOM3BOJIAIINX IMOo3HaBaeMoe. [loHMMaHue MM03HAaBAaeMOIro MPOMCXOIUT, €CIU
00pa30-KOANPYIOIINE W CIOBO-KOJUPYIOMINE 3HAKA C(HOPMUPOBAHHBIX KIacTep-
HBIX U IIETIOYEYHBIX aHCaMOJIeH B3aUMHO TPAaHCKOAUPYIOTCSL.
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Annomayua. Bo3mooscHocms asmomamuszayuu mpyooemKux npoyeccos 8 CenbCKom Xo3aii-
cmee Hauboee 0Ccmpo Cmoum 8 Kuouegvlx azpapHelx pecuonax Poccuu. Hcnonvzosanue
A6MOHOMHBIX MOOUTLHBIX KOMUAEKCO8 U POOOMUSUPOBAHHBIX CUCHEM 8 CENbCKOM XO3Ali-
cmee 8 HACMOAWUN MOMEHm UMeem O2PAHUYeHUsl, CEA3aHHble ¢ NOZUYUOHUPOBAHUEM
U Hagueayuell yCmpoucme 8 HedemepMunupo8anHol cpede. Paccmompenvt memoowt onpe-
OeleHus no3uyuy U HaBUeayuu AGMOHOMHBIX MOOUTLHBIX KOMNIEKCO8 6 CENbCKOM XO03Ail-
cmee, BO3MOJCHOCMU U OSPAHUYEHUS CYWeCmEVIOWUX COBPEMEHHBIX MEXHOI0SUYECKUX
pewenull npu HAIUdUU NoMex 8 HedemepMUHUPOBAHHOU cpede.

Knrouesvie cnoea. no3’suyuUoHupoearue, Haesucayusl, nomexu, aemoHOMHble MOOUbHBLE
KOMNJEKChl, po60mu3az¢uﬂ 8 CebCKOM XO0351icmee

BBenenne. [Ipu BBIMOIHEHUH CEILCKOXO3SIMCTBEHHBIX PaOOT B M0JI€ TOYHOE MO3H-
[IMOHUPOBAHKE TPOIIE OCYIIECCTBUTh M3-32 OTCYTCTBHS OOBEKTOB, CIIOCOOHBIX CO-
3MaBaTh (pU3MYecKue NMIyMbl W MOMEXU. B TO BpeMs Kak Ui BBITONHEHHS padoT
B cajlax, IUIAaHTAIlUAX ¢ KyCTapHHKaMM M BUHOTPaJHUKaX 3a/1ada IMO3UIIMOHHPOBA-
HUS CYIIECTBEHHO OCTOXHSICTCS, HATHYMEM (PHU3MYCCKHX TOMEX, M OMaCHOCTHIO
HaHECEHHs BPe/a KyJIbTypPHBIM PACTEHHSAM. DKCILTyaTaIlUsl CEIbCKOXO03SMCTBEHHOM
TEXHUKA B CalaX M BUHOTPAJHHKAX CYIIECTBEHHO OTIAMYAETCS OT paboThI HA OT-
KPBITBIX MOJISIX U XapaKTePHU3YETCs PSIIOM YHHUKATbHBIX OCOOCHHOCTEH, MPEIbsB-
JISIFOIUX BBICOKHME TPeOOBaHMS K CHCTEMaM aBTOMATHUYECKOTO VIIPABIECHHS MO-
OMIBHBIM KOMITJIEKCOM.

MeToabl U MaTepHaJIbl, Pe3yJabTaTbl. B HACTOSIIMI MOMEHT BO3MOXKHBI
1 TEXHUYECKH PEean30BaHBI CIEAYIONINE METOIBI MO3UITHOHUPOBAHMS W HaBHUTa-
MM
1) GNSS (Global Navigation Satellite System);
2) unepumnanbueie cucremsl (MHC);
3) ooMeTpHsi — OIIEHKA TIEPEMEIICHHUS] YCTPOHCTBA HA OCHOBE JAHHBIX C €r0
JATYHKOB;

4) Bu3yanbHas HaBHUTALUA C UCIONB30BAaHHEM Kamep M alrOPUTMOB KOMITBIO-
TepHoro 3penus (Hanpumep, Y OLOVS) [1];
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5) MyJibTHCEHCOpHAsT MHTerpanus (ceHcopHast Gy3usi) — OObeJAUHEHHE IaH-
HBIX TIOCcTymaeMbix oT Beex cucteM: GNSS, MHC, omomerpun, kamep U JIOKAI[UOH-
HBIX CHUCTEM C momolnsio ¢uibTpa Kammana wimn Hedetkod joruku. (Bosmoxxna
npo0JieMa OTepH CHIHala B MOMEHT Iepe/iau JaHHBIX [2] mpH TIyIIeHHH CUTHA-
J1a VWJTH TP TIEPEKIIIOYEHHN MEXKy COTOBBIMU 0a30BbIMU cTaHImsaMu L TE).

Peanmzanmst 0TKa30yCTOWYMBON CHUCTEMBI yTpaBieHHA yJoOHa Ha 0a3e Mo-
OYJTBHOM apXUTEKTYpPHl, IIO3BOJISIONIEH JIETKO HHTETPUPOBATh U 3aMEHATH JaTUMKH.
KoHnnenmus Takoil cucteMsbl mpeuiokeHa B cratbe [5] «MopaynbHas ceHcopHast
cucrema ¢ uarepdeiicom CANBUS (Controller Area Network Bus) ms Bcrmomora-
TEJIbHOW HABUTALIMH CENbCKOXO35MCTBEHHOTO MOOMIIBHOT'O po00Ta».

PaccmaTpuBanmch Tpu OCHOBHBIX TTOAXO/IA ISl PEIICHUS 3a]a4u:

1) komupoBaHUE STAJOHHON TPACKTOPHU — TMPOCTOH, HO YYyBCTBUTEIBHBIN
K oIInOKaM croco0;

2) HaBUTAIMs 110 BUPTYaJIbHOW Hampasisifonieii — Oosiee THOKOE pelieHue
C BO3MOKHOCTBIO a/1allTalluy,

3) ucmons3oanne MamuaHOro 3perus (YOLOvV8) — moaxonm OCHOBaH Ha
ujee HaBUraluy Oe3 ornpenesieHHs KOHKPETHOTO MECTOTOJNIOKEHHsI Ha JJIEKTPOH-
HOH KapTe, Korga poOOT IOBMKETCA TOJBKO IO M3BECTHOMY IYTH OT HAa4aJbHOM
TOYKH JI0 KOHEUHOi [3].

HeomnpeneneHHOCTh B CEIBCKOXO3SMCTBEHHOW HAaBUTAllMW BO3MOYKHA B ABYX
CITyJasix:

— ciydvaiiHasi, TP TIOSBICHUH ecTeCTBEHHbIX ommoOok cuctreM GNSS, mpeiid
MNHC, mym ogoMeTpus U Npoyux;

— IpeIHaMepeHHas: — TIIyIICHNE U MoaMeHa curHaia (crmyuHr).

Kak ormedaeTcs B Bamieil mpe3eHTalMu, OTCYTCTBUE WM TOJMEHA CHUTHaa
GNSS — onHa w3 KITOYeBBIX MpoOiieM. DTo TpebyeT mepexoa OT OJXHOKOMIIO-
HEeHTHO# cuctembl (Tobko GNSS) Kk MHOTOYpPOBHEBOW OTKa30yCTOWYMBOW apXu-
TEKType YIpaBieHHs, B KOTOPOH. ypoBeHb 1 — MyJbTUCEHCOpHAas HMHTETPaLys
GNSS + MHC + onmomeTtpusi; ypoBeHb 2 — KOPPEKIHUS C MMOMOIIBIO BU3YaIbHOM
Hapurauu (Y OLOVS) [4].

Tonpko Tako¥ MOIX0a OOECTIEYMBAET BO3MOXKHOCTH HETIPEPHIBHOCTH PabOTHI
B JTFOOBIX yCITOBHSIX.

3akiouenne. [IpoBeneHHbIN aHATN3 MOKA3aJl, YTO CYLIECTBYIOLIME CHCTEMBI
aBTOMAaTHYECKOTO BOXKJEHHS HEJOCTATOYHO MPUCIIOCOOIEHBI sl padOThI B Cajiax
U BUHOTpaaHUKax [5]. VX riaBHBIM HEIOCTATKOM SIBJISICTCS BBICOKAs 3aBUCHMOCTb
ot GNSS-HaBuranyu, 4to JIenaeT UX ySI3BUMBIMHU K: €CTECTBCHHBIM ITIOMEXaM, TEX-
HUYECKUM cOO0SIM, TIpeTHAMEPEHHBIM BO3JICHCTBUSAM. B TO ke BpeMsi CyIecTBYIOT
NEPCIEKTUBHBIC, HO HEIOCTATOYHO PeaTM30BaHHbBIE PELICHUS:

1) mammanoe 3penrne (Y OLOV8) — ocHoOBa 1 aBTOHOMHOM HaBHTAIlNH;

2) moayneHass CANBUS apxurekTypa Kak miarhopma JUis HHTErpalny;

3) mpeacTaBICHHBII aHAIN3 BO3MOXKHOCTEH M OrpaHUYCHHN WMEIOLIUXCS TEeX-
HUYECKUX PEUICHUI B 00JIACTH CBSI3M W HABHTAIIMH, TIO3BOJIICT KOMOMHUPOBATDH UX
NPUMEHEHHUE B 3aBUCHMOCTH OT MOTPEOHOCTH U LeJel MoTpeduTenei.
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Annomavus. [Inomnocme Opesecunvl AeisAemcs OOHUM U3 KIIOYEbIX NAPAMEMPOs,
onpeoenAowux Kayecmao opegecunvl u usoenuii Ha ee ocnoge. Hamu ¢ nomowwio knac-
CUYECKUX U UHHOBAYUOHHBIX MEMOO008 Hepaspyuiaweli OYyeHKu Obllad uzyueHa usMeHyu-
socmb 3nauenuli s3mozo napamempa y 6onee 1700 depesves cocHbl 00bIKHOBEHHOU, OMO-
opannvix Ha 40 npobubix naowWadax 8 OpesoCmosx eCcmecmeeHH020 U UCKYCCMEEHHO20
RPOUCXOHCOeHUsL 8 pasHblx aechudecmeax Pecnybnuxu Mapuii On. Yemanoeneno, umo
SHAUUMOe BNUAHUE HA ee 8eIUYUHY OKA3bIGAEM UL 803PAC 0epPebed U MUKPOCHpoe-
Hue OpegecuHvl. Bauanue dce munog necopacmumensHviX YCA08Ul U 2ycmomvl Opego-
CMoes OKA3a10Cy CMAMUCTNUYECKU HeOOCTNOBEPHBIM.

Knwuesvile cnoea. cocua 06blKH06€HHa}l, ¢u3uk0-MexaHuueCKue ceoticmea Opeeecunbl,
U3MEHYUB80CmMb, Hepaspyuiaroujue Memoobl OYEeHKU

Beenenue. IIOoTHOCTE peBECHHBI — YHHMBEPCAJIbHBIM U BAKHEHUINUUI Mapamerp,
XapaKkTepU3YIOIU €€ KauyeCTBO W TECHO CBS3aHHBIA C Je(OPMATHBHOCTHIO
U MPOYHOCTHBIMH CBOMCTBAMH, a TAaKXe C BBIXOJOM IeJUT0so3bl [1]. M3meHun-
BOCTh IJIOTHOCTH JAPEBECHHBI MOXKET OBITh 00YCIIOBJICHA KaK FeHETHUECKUMH, TaK
9KOJIOTUYECKUMH ¥ (PU3NOJIOTUICCKUMHU (PaKTOPaMH, a TAK)Ke BO3ICHCTBUEM JIECO-
X035fiCTBeHHBIX MepornpusTii [1-3]. BbisiBieHHe 3aKOHOMEPHOCTEH U3MEHYHBO-
CTH 3TOTO MapaMeTpa Ha Pa3HbIX YPOBHAX OPraHU3aLWH JIECHBIX SKOCUCTEM HMEET
KITFOYeBOE 3HAYCHWE ISl OLIEHKW KadecTBa W CTOMMOCTH KOHEYHOW MPOAYKIINH,
ompeneneHnss OMOMAcChl, yueTa CeKBECTpaluH yriepoja, a Takke Ajst Oonee riy-
00KOro MOHUMAaHUs (PU3MOIIOTHUECKUX TPOLIECCOB Y IEPEBLEB.

MeToabl M1 MaTepHANIbI; pe3yabTaThl. VccienoBanus, nposeaeHHbie B 2023—
2025 rr. na 40 npoOHBIX TUIOIIAASX B IPEBOCTOSIX €CTECTBEHHOTO M UCKYCCTBEHHOTO
NPOUCXOK/ICHUSI B Pa3IMYHBIX JIECHHYECTBAX M THIAX Jieca JeBoOepexHoi (3a-
BOJDKCKOM) yacTr PecmyGmukn Mapwuii D11, oxBatram 6ostee 1700 mepeBbeB COCHBI
obsikHOBeHHOU (Pinus sylvestris L.). ¥V stux nepeBbeB ObUTH U3MEpEHBI MOPOMET-
PHUECKHE MapaMeTphl, a ¢ IOMOIIbI0 Oypasa [Ipecciepa Ha BicoTe 1,3 M 0TOOpaHbI
MWIMHAPUYECKHE KEPHBI ApeBecHHbI JunHOW S50 MM. V psifia KpyITHOMEPHBIX CTapo-
BO3PACTHBIX JIepeBhEB KEPHBI OBUTH B3ATHI Ha BCIO JUIMHY pagumyca crtBosa. J[is
OIICHKH H3MEHUYUBOCTH (PH3MKO-MEXaHUYECKUX CBOMCTB JPEBECHHBI MO PAIUYCy
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CTBOJIa KCIIOJIB30BaIM MOOHIBHBIH prbop IML-RESI PD 400 (IML System GmbH,
Buciox, ['epmaHus), KOTOpBIH MO3BOJSIET WU3MEPSATH CONPOTHUBICHUE IPEBECHHBI
cBepuieHnI0. JlabopaTopHble ucciaeoBaHus BKIIOYAIN OLEHKY 0a3MCHOM MIIOTHOCTH
JIPEBECHHBI C HMCIOIB30BAHUEM CTEPEOMETPHUIECKOTO M THAPOCTATHIECKOTO METO-
JIOB, a TAK)Ke M3MEPEHHE €€ BJIaKHOCTH CYIIMIbHO-BECOBBIM METOAOM.

OmnpeneneHsl CTaTUCTHYECKUE XapPaKTEPUCTHKH W3MEHYHBOCTH IapaMeTPOB
raburyca JIepeBbeB, MIOTHOCTH U BIaKHOCTH IPEBECHHBI, & TAK)XE €€ CONpPOTUB-
nenue cBepaeHuro. OIEHEHO BIUSHUE TYCTOTHI U YCJIOBUH MTPOU3PACTaHUS JPEBO-
CTOEB, UX BO3pacTa, a Takke raburyca JCpeBbEB M MapamMeTPOB MHUKPOCTPOCHHUSI
JpPEBECHHBl Ha €€ IUIOTHOCTh. V3yueHa H3MEHYMBOCTH (HU3UKO-MEXaHMUECKHX
CBOWCTB JIPEBECHHBI 110 PAINYCy W BBICOTE CTBOJA IEPEBHEB M CO3IAHBI IMITHPHYE-
CKHE MOJIEIH.

3akiouenne. basucHas IUIOTHOCTH APEBECHHBI, IPEATIONOKHUTENBHO, SIBIISET-
csl HACIlelyeMbIM TIPU3HAKOM, a YCJIOBHUS MPOM3PACTaHUS U TYCTOTa JPEBOCTOCB,
a TaKKe pa3Mephl JIEPEBbEB B IICHOMOMYJSALUSAX HE OKA3bIBAIOT CTATUCTHYECKH
3HAYUMOTO BIUSHUS Ha ee BeNWYHuHY. [IMOTHOCTE 3a00J0OHHOW PEBECHHBI COCHBI
B CpEJIHEM yBeJM4MBaeTcs 10 Bo3pacrta aepeBbeB 100—105 ner, mocne uero Hauu-
HaeT mocteneHHo cHikarbes (R? = 0,82). 3naunmoe BIUsIHUE HA 0A3UCHYIO MJIOT-
HOCTh OKa3bIBAET TAK)KE KOJIMYECTBO PSJIOB TPAXCH]| B PAHHEH WM MO3JHEH JpeBe-
cuHe. BpIcokasg cTermeHb CONPSDKEHHOCTH MEXAYy 0asuCHOH IJIOTHOCTBIO
JIPEBECUHBI M COMPOTHUBIIEHNEM ee TpocBepiauBannio (R2 mo 0,81) moarsepkmaeT
3 PEKTHBHOCTH UCIIONB30BAHUS ATOTO METOJa JIJIsl KOCBEHHOM OIEHKH M3MEHYH-
BOCTH IJIOTHOCTH MO PAaANYCY M BBICOTE CTBOJIA IEPEBLEB.

Paboma evinonnena 3a cuem epanma Poccutickoeo nayunozo ¢onoa
Ne 23-16-00220, https://rscf.ru/project/23-16-00220/.

CnMUcoK UCTOYHUKOB

[1] Tony6osipuros O.U. ITnomnocms dpesecunsvi. Mocksa, Jlecuast npom-ctb, 1976, 160 c.

[2] TroxaBuna O.H., Knesuos {.H., Ipo3nos .1., MenexoB B.J. IINOTHOCTh APEBECHHBI COCHBI
OOBIKHOBEHHOH B Pa3IMYHBIX YCIOBHSAX Npomspactanus. Jlecu. ocypu., 2017, Ne 6, c. 56-64.
https://doi.org/10.17238/issn05361036.2017.6.56

[3] Hemakos IO.II., Ilapamnos E.C., Kopones A.C. leiikuna O.B. TInotHOCTS 3a00I0HHOM ApeBe-

CHHBI COCHBI OOBIKHOBEHHO# B Jiecax Mapwuiickoro 3aBoikbs. Jlecoseoenue, 2024, Ne 1, ¢. 15—
27. https://doi.org/10.31857/S0024114825010025



Pa3zden 1. iccne0osaHus U pa3pabomiu PyCcCKUX UHKEHEPo8 171

Y]IK 669.01

AHanu3 3¢ eKTUBHOCTU BOAJO00UYNUCTHBIX COOPYXKEHUN
Ha YepenoBeLKOM MeTalypruyeckom KombuHate

LUuTosa Enusaseta AmutpuesHa'” ed.shitova03@mail.ru
OBYMHHUKOBaA TaTbsiHa ropeBHa ovchinnikova_ti@mail.ru
SPIN-kopa: 9927-0480
MelwwaHoBa Banepus JMuTpneBHa meschanova.valera@yandex.ru
BypanoBsa Hapexpa leopruesHa vurdova2019@gmail.com
SPIN-kopf: 6642-2247
TepTbluHag CBeTnaHa BaAyecnaBoBHa svetter@mail.ru

SPIN-kop: 2956-1736
HUTY MUCUC, Mocksa, Poccus

Annomayun. Paccmompenvt ocnosuvie sxonoeuueckue acnekmol Yepenoseyxozo meman-
nypeuueckozo kombunama (YepMK), 6 uacmuocmu, s¢pghexmusHocms 800HO20 X0351icmea.
Ipoananuzuposano uUcnov308amue 600bl 8 NPOU3BOOCBEHHBIX NPOYECCAX, KOIULECHEEH-
Hble U KAYeCmEeHHble NOKA3amenl, Xapakmepuvle 05t OaHHbIX npoyeccos. Hccnedosanol
MemoOobl OUUCMKU CHOYHBIX 800 U 000PYO08aHUe, NPUMeHseMble Ha KomOuname. Boinon-
HeH aHanu3 ux coomeemcmeust cogpemennvim mpeboganusm HIAT u onpedenenvl sxono2o-
IKOHOMUYECKUE PUCKU NO pa3pabomannol panee memoouke. Pazpabomanvl pexomenoayuu
07151 NOBBIULEHUSL KAYEeCMBA OYUCTNKU CIOYHBIX 600 C YElbl0 KOMIIEKCHO20 UCHONb308ANHUS
BOOHBIX Pecypcos8, 8HEOPEeHUsI 3AMKHYMBIX 86000000POMHBIX CUCTEM KAK 0151 OMOeNbHbIX
npou3eo0cma, max u 0Jisk NPEONPUAMUsL 8 YeEIOM.

Knroueswie cnosa:. MemaﬂﬂypeuquKuﬁ KOM6MHam, oyucmkKka CmouHblx 6‘0@, Hauxydyuiue
()ocmyngle mexrnojocuu, 3K0/1020'3K0H0Mu1‘l66‘1(u12, 3AMKHYymble 60@0060])0me16 cu-
cmembl

Beenenue. YepenoBenxuii MeTauyprudeckuii KOMOMHAT — OJWH M3 KpYyIHEH-
IIMX BOAONOJb30BaTeei peruoHa, otHocuTcs K | kateropum o0wvekroB HBOC,
MO3TOMY Ul HEro akTyajbHa 3a/ada MONYYeHHSI KOMIUIEKCHOTO 3KOJIOTHYECKOTO
3aximoueHus. COCTaBHON YacThIO €ro JOJKHA CTaTh MPOrpaMMa MOBBIIIEHUS 3KO-
norudeckoit adpdexruroctr (I[MI133). TpeanpusTie cyMMapHO HOTPEOISET BOMLY
B 00beMe 6200 M4 [1], Ho3TOMY pa3pabaThIBAIOTCS TEXHOMOIHYECKHE HOPMATUBEI
copocos B coorBeTcTBUH ¢ H/IT, mpoekThl HOPMAaTHBOB JOMYCTHUMBIX COPOCOB BBI-
COKOTOKCHUYHBIX BEIIECTB W MEPOIPHUATHS, HAIpPABICHHBIC HAa CHIDKCHHS Bpena
9KOJIOTUH, HAIIPUMEP, TI0 TOBBIMECHUIO 3()()EKTHBHOCTH CUCTEM OYUCTKH CTOYHBIX
BOJA. MOJepHU3alus o0OpyHOBaHUS, BHEIPEHHWE HOBEUIINX CHCTEM (HU3HUKO-
XUMHYECKOW OYMCTKU, 00C3BOXKUBAHUS U 00e3BpEKUBAHUs 0cankoB u ap. [2] Ile-
JIBI0 UCCIIEIOBAHUS SIBJISICTCS] aHAJIN3 KOMIUIEKCHOI'O MCIOJBb30BaHMS BOIAHBIX pe-
cypcoB Ha UepMK u pa3paboTka MepOompusTHNA TSI TTOBHITIICHHS 3P GEKTUBHOCTH
WCIIOJIH30BAHUS BOJBI HA MPEIIPUSITHH.
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Metoasl U1 MaTepHaJbl, pe3yabTaThbl. lccienoBanus BKIOYAIN U3y4YEHUE
U CHCTEMAaTH3aIMI0 JaHHBIX IMPOU3BOJCTBEHHOIO 3KOJOTHYECKOIO KOHTPOJISL
Ha MPeanpHUsaTHH, QyHIaMEHTAIBHBIX TPUHIMIIOB HAMIYYIINX AOCTYIHBIX TEXHO-
soruii. Cpe OCHOBHBIX METOJIOB OYHCTKH CTOYHBIX Boa Ha UepMK mpumensior
MeXaHUYEeCKHe MeTO/Ibl (rPaBUTAIIMOHHOE OTCTAHBaHKE), (PU3NKO-XUMUYECKHE Me-
TOABI (MCTIOJB30BaHHE PEAreHTOB HAa OCHOBE XJIOPHCTOTO JKelie3a M M3BECTKOBOTO
MOJIOK), OMOXMMHYECKUE METO/IbI, MEXaHMYECKOe 00€3BOKHMBAHHUE OCAIKOB CTOY-
HBIX BOJ Ha (MIIBTp-TIpecce.

BrimonHeH aHanmu3 MPUMEHSAEMBIX Ha MPOU3BOJCTBE TEXHOJOTHH Ha COOT-
BerctBue HJIT [3-5], u3 xoroporo ompeneneHsl 28 mporeccoB, HCIOIb3YEMBIX
JUISl pa3IMYHBIX [eX0B. Tax)ke BBIABICHBI TEXHOJIIOTHH, HE MCIOIB3YIONIUECS Ha
koMOuHate. Hanpumep, «O4ucTka CTOYHBIX BOJ O HOPMAaTHBHOTO KadyecTBa»,
«Opranunzanusi 0OOPOTHBIX LHMKJIOB C MPUMEHEHHEM COBPEMEHHBIX BOIOOYHUCT-
HBIX KOMIUIEKCOB», «[Ipekpamienue copoca mMIaMOBBIX BOJ OT CHCTEM MOKPOTO
nbIIeyJIaBIMBaHus», «HamopHas nojgada (eHOIBHBIX CTOKOB Ha OMOXHMMUYECKYIO
0ouucTKy», «Co3maHue 3aMKHYTOH cucTeMbl BogooOopota». I[lmanumpyercs ux
nanpHeiniee BHenpeHnue B nporpamme [III9D mpu MoaepHU3alMU WU HOBOM
CTPOUTENBLCTBE. AHAINU3 PabOTHl OTAENBHBIX MPOU3BOJACTB BBHISBHJ NPEBHILICHHUE
MoKa3areyell MpU OYMCTKE CTOYHBIX BOJ I10: HUKEN0, HUTPUT-aHHOHAM, (op-
ManbpJeruay, Gropua-noHaM, B3BEIICHHBIM BeIlECTBaM, HeTEMpoayKTaM, Kee-
3y, Maprasily, nuHky, Banamuto, xpomy (l11), ammonuii-uony, cyiabdar-uoHy.
B »TO# CBSI3HM IpenIoKEHBI PEKOMEH AN ISl YBEIMUCHUS CTETICHH JOOYHCTKH
CTOYHBIX BOJ. BO300HOBIIEHHE (PUTOOUYUCTKH, TPUMEHEHUE HIIEKTPOXUMHUECKOM
OYHCTKH CTOYHBIX BOJ JII HEKOTOPHIX JIOKAJIBHBIX BOJIOOOOPOTHBIX ITUKJIOB,
BHEJpEHHUE JIOTIONHUTENBHOTO 000pYyJOBaHUs MO (IoTanuu U 00€3BOKHBAHHIO
ocazkos [6, 7].

BrImosTHeH pacdeT 3KOI0Tr0-3KOHOMHYECKOH 3(PPEKTHBHOCTH OT IMpeIoKEeH-
HBIX MEPONPUATHH.

3axiodyenne. [lopbiuenne 3¢ HeKTUBHOCTH KOMIUIEKCHOTO U PALlIOHAIBHOTO
WCIIOJIB30BaHMsI BOAHBIX PECYPCOB SIBISETCS aKTyaJdbHOM 3amayeil s KpyIHOTO
npennpuatus. IlpuMeHeHne COBpEeMEHHBIX, YKOHOMUYECKH JOCTYNHBIX M 3KOJO-
THYECKUX TMPUEMIIEMBIX TEXHOJIOTHI OYUCTKH CTOYHBIX BOJ, MEPEpabOTKN 0CaTKOB
CHOCOOCTBYIOT MOBTOPHOMY HCIIOJIB30BaHMIO OYMIIEHHON BOJIBI M OpraHHU3aluH
3aMKHYTBIX BOZOOOOPOTHBIX CHCTEM.
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Annomayun. B pabome npu onucanuu menniosou cucmembvl UCHOIb30OBANUCH SPAHUYHbIE
yeaosuti |11 pooa ¢ nepemenuvim 60 epemenu kKosgpuyuenmom menioomoadu, 603HUKAIO-
WUM npu KOHMAKMHOM Hazpese uenosexka Hazpesamenem. I[losviuenue mounocmu peute-
HUA 00ecneyusanocs UCHOIb308aHUeM meopuu 6o3mywjenull. [annvii mamepuan npeo-
cmaensem unmepec ONA CHEYUATUCMOS 8 O00IACMU NPOEKMUPOBAHUA YCIMPOUCME
¢ MennogvloeneHueM.

Knrouesvie cnosa: epanuunvie ycaosus |l pooa, maepes, mennroomoaua, xonmaxmmwiil
Hazpee

BBeaenmne. [Ipu npoBeeHUN MOAEIUPOBAHUS TEIIOBBIX MPOLECCOB TEMIIEpPATYyp-
HBIE U3MEHEHUS Ha I'PAHHULIE TEMIOBOM CUCTEMBI POU3BOAUTCS 1O 3aKOoHY HproTO-
Ha — Puxmana

—kag—Tz—K(AT ~AT,,) mput>0nXx<Xx,
X

T/Ie ACTIONB3YETCS YCPETHEHHBIH, TOCTOSHHBIA KOA(HUIIMEHT TEIUIOOTAaYN TKAHO-
ro AyeKTpoHarpeBareis cpeae, K. OnHako npu HarpeBe (OXJ1a)JICHUH) MOrpaHnY-
HBIX cpell K03 HUUMEHT TEeIUIO0TAAYH YacTo ObIBAET MEPEMEHHBIM U MPH HCIIOJb-
3oBaHnu (1) pe3yibTarT MMHUTALMOHHOTO MOJCIUPOBAHHS TEMIIEPATyPHBIX
WU3MEHEHUII B TEIJIOBOM CHCTEME HE COOTBETCTBYET MOIYYEHHBIM OJKCIEPHMEH-
TaJbHBIM JIaHHBIM [1].

MarepuaJjbl 1 MeTOABI; pe3yJbTaThl. AHAJTOTUYHBIH pe3ynbTaT ObUT MOJY-
YeH NpPU HUCCICNOBaHUHU IepuepudecKkoro KpoBooOpaiieHus: uenoBeka. llpu
HarpeBe Tella YesOBeKa MPOUCXOAUT paclIMpeHHe W/WiH CYKEHHE COCYIHMCTOrO
pycia, yBelnu4yeHue /Wi CHIKEHHE CKOPOCTH TepeHoca KpoBH [2—4], uto mpuBo-
JIAT, COTJACHO TPOTOPITMOHAIEHOCTH KOd(h(HIMEHTa TEIIO0TaaYr KOHBEKTHB-
HBIM TIporieccaM [5], K ero M3MEHEHUsIM BO BpeMeHH. PeleHne kpaeBoil 3aqaduu
IpH TIEpEeMEHHOM K03 HIMEHTe TeIUIO0TAauH ¢ ucnonb3oBanueM (1) ¢ morper-
HocThio O(h) He To3BOJIsIET MOMYUUTD JKellaeMblil pe3ysbTaT. [103ToOMy, MpUMEHS-
Jach TEOPHUsA BO3MYIIEHHH C HCIOJNB30BAHMEM ACHUMITOTHUYECKOTO pPa3JIOKEHUS
B psn Teimopa n ypaBHeHust Oypre ¢ BHyTPEHHUMH UCTOYHUKAMM, YTO ITO3BOJIUIO
MOJIYYUTh PELIEHUE, KOTOPOE XOPOLIO COTNIACyeTCs C 3KCIEPUMEHTAIbHBIMU JIaH-
HeIMH [1].
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3akiroyeHne. MozenupoBaHue ¢ UCIOJIb30BAHUEM Pa3JIOKEHHS B aCHUMIITO-
THYecKui psg Teinopa u ypasHeHuss Oypbe ¢ BHYTPEHHUMU UCTOYHUKAMH I103BO-
JI€T y4ECTh TEMIIEPaTypPHbIE U3MEHEHHUs B TEILUIOBOM CUCTEME, OTPAKAIOIINAE KOH-
TaKTHBIA HATPEB M PEAKIIMIO TeJa YesioBeKa (Cpe/bl) Ha ITOT HArpeB.

Takoil moaxond AenacT BO3MOXKHBIM IPOBOJUTH aHAJIOIMYHBIE MaTeMaTHye-
CKHE KCIIEPUMEHTHI U C OOBEKTaMU TEXHMYECKOI0 HAa3HAYCHUS, KaK C JMHEHHbI-
MU, TaK U CWJIbHO HEJIMHEHHBIMH U3MEHEHUSIMH BO BpeMEHHU K03()(QUIIEHTOB Ten-
JooTAauu (Harpumep, IpH perieHuu 3agad Credana).

NMuTamoHHOE MOJEIMPOBAaHUE IOKA3aJI0, YTO BO3MOXXKHOCTh YBHUJAETH OT-
KJIMK HarpeBaeMoi cpeibl (IpU HarpeBe YeJOoBeKa JTO SBJICHHE XOpOLIO HaOIo-
JIaTh 110 U3MEHEHUSIM, CBSI3aHHBIM C aKCOHHBIM IEperajoM TEMIIepaTypbl) CHIBHO
3aBUCHUT OT IapaMETPOB UCIOJB3YyEMBIX MAaTEPHAIIOB, TAKUX KaK Macca, TEII0eM-
KOCTb U T. 1. JlaHHas 3ajada ABIsAETCS MHOTOKPUTEPHUAIBHON U MIPH PEIIEHUH Tpe-
OyeT onTUMH3anMK GU3NYECKUX MTAPaMETPOB BCEX IIEMEHTOB TEIUIOBOW CHCTEMBI.
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Annomauusn. B pabome paccmompen (hazsune, AGIAIOUUNUCT OOHUM U3 HauboJlee Nonyisap-
HbIX MemOo008 GblAGIEHUsl VA36UMOCMEN 8 npocpammuom obecnevenuu. Ilpedcmaesnena
Kaaccugurayust cpeocme azzunea 8 3a6UCUMOCmu om memooa 2enepayuu oannvix. Onu-
Camnvl Kouegvle 0COOEHHOCIL, d MAKdCe OOCHOUHCMEA U HeOOCMAMKY PA3TUYHBIX MUNO8
Gaszzepos. Coenan 6b1800 0 Yeneco0OPA3HOCMU UCHONBL30BANHUS (PA33€PO8 PAZIUYHBIX MU-
108 8 3a8UCUMOCIIU OM OCODEHHOCMET YeNeB020 NPOSPAMMHOZ0 0beCnedeHUs.

Kniouegvle cnoea. ungopmayuonnas 6e3onacnocmo, eviasieHue ysa3gumocmei, bezonac-
HOCMb NPOSPAMMHO20 0becneyeHust, (haz3une, CROCoObl 2ceHepayuu BX0OHbIX OAHHBIX

Beenenue. B HacTosiee BpeMsi 0coOyr0 akTyallbHOCTh MPHOOpeTaeT 3a1aua odec-
neyeHuss UHPOPMALMOHHON 0€30IacCHOCTH OTEYECTBEHHBIX aBTOMATH3MPOBAHHBIX
cucreM. Pemenne yka3aHHOH 3aJaud HamNpsSMYIO CBSI3aHO C YCTPaHEHUEM YIPo3,
CBSI3aHHBIX C HAJMYUEM YS3BHMOCTEH B NMPOrpaMMHOM OOECHCUYEHHH YKa3aHHBIX
cucreM. OTHUM M3 HanOoJee PACHPOCTPAHEHHBIX METOJOB BBISBICHUS YSI3BUMO-
creit sBisiercst aszunr [1], ogHako 3((GEKTUBHOCTH MPUMEHEHHS 3TOr0 METoJa
HaIpsAMYIO 3aBUCUT OT THIIA BEIOPAHHOTO (a33epa U 0COOCHHOCTEH IIEeIEBOTO MPOo-
rpaMMHOTO obecrieueHrs. B cBA3mM ¢ 3TuM, BO3HHKAeT IMOTPEOHOCTH B Kiaccuu-
Kauu (paz3epoB W OIMpedeNeHns LeeCO00pa3HOCTH UX MPUMEHEHHUS K LEeNEBOMY
IPOrpaMMHOMY 00ECTICUEHHIO.

Metoapl 1 MaTepuajbl; pe3yabTaThl. Pa33uHr — 3TO METO]| aBTOMaTH4e-
CKOT0 TECTHPOBAaHHUsS HPOTPaMMHOIO OOCCIIEUEHUs], 3aKIIOYArOIIUiics B Halpas-
JICHHOM BBEJICHHMHM aHOMAJBHBIX WM CICIHATHHO CKOHCTPYHPOBAaHHBIX BXOJHBIX
JIAHHBIX C 10 BBI30BA HEIITATHBIX COCTOSIHUI TECTHPYEMO CHCTEMBI [2].

B 3aBucuMocTu OT MeToJa IeHEpaldH JaHHBIX NPHUHATO Pa3fensTh MOIXOX
K (pa33MHTy Ha HECKOJIbKO THIOB [3]:

1. Ha ocnoge epammamuxu. Takum Qaszzepam 11 paboTHl TpeOyeTcs rpamma-
THKa — OIIPEJCIICHHbI HA0Op IMPaBWII, OMHCHIBAIONIMX CTPYKTYPY OXKHIAAEMBIX
BXOAHBIX AaHHBIX. Kak Tonbko ¢aszzepy OyayT M3BECTHBI 3TU MPaBUiIa, OH CMOXKET
TeHEpUpOBaTh HOBbIE KOMOWMHAIMM HAa MX OCHOBE. JlaHHBI MOAXOX MO3BOJSET
KOHTPOJIUPYEMO OTKIIOHSATHCS OT TMPaBHJI IPaMMATHKH, TeHEPUPYS YACTUYHO HIIH
MOJTHOCTBI0 HEKOPPEKTHBIC JaHHbIE, Hapyllas CHHTaKCHC HJIM CEMaHTHKY, Mpe.-
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MUCAHHBIC TPAMMATHKONH. JTO 00ECHeYMBaeT BBICOKYK) TOYHOCTh W PEATHCTHY-
HOCTb BXOJHBIX JJAHHBIX C HU3KUM YPOBHEM CIIy4ailHOCTH, OTHAKO TPeOyeT pydHO-
ro onucanus rpaMMmaTiku. OH UCHONB3YeTCs MPU TECTUPOBAHUH CIIOXKHBIX (opmMa-
TOB M IPOTOKOJIOB, I/I¢ KpaiiHe Ba)kKHA KOPPEKTHOCTh CTPYKTYPHI.

2. Ha ocnose mymayuii. ®a33epsl Ha OCHOBE MyTalMid ITOCIIEIOBATEIHEHO CIIy-
YaiHO BHJIOM3MCHSIIOT BXOJHBIE JaHHBIC M3 MPEABIIYINUX 3amyckoB. J[isi Havana
paboThl eMy HEOOXOAUM HadalbHBIH KOPIYC — HAOOp pernpe3eHTaTHBHBIX BXOJ-
HBIX JaHHBIX, TAKUX KaK PeanbHbIC MOJL30BATEIBLCKUE JIAHHBIC WM CYIIECTBYIO-
mue TecThl. B mporecce paboThl (az3ep MpUMEHSET K AaHHBIM U3 KOpIyca pas-
JMYHBIC MYTAI[MOHHBIC CTPATETHH: U3MEHSICT OUTHI U OAlThI, IepeCcTaBIACT OJIIOKH
JIAHHBIX, JTOOABJSACT WM yHauseT (parMeHThl, KOMOMHUPYET YacTH Pa3THYHBIX
nocieoBaTeabHOCTel. [lonydyeHHbIe JaHHbIe MOAAITCS Ha BXOJ MPOrpamMMe st
BBISIBJIICHHSI aHOMAJIMH B €€ paboTe. DTOT MOJX0J] OTIMYACTCS MPOCTOTON M YHHU-
BEPCATbHOCTHIO, HO OTPaHUYEH B TEHEPAIMHU CIIOKHBIX CTPYKTYPHPOBAHHBIX JaH-
HbIX. OH 3¢ deKTHBeH U1 TECTHPOBAHUS MPOTPAMM C HECTPYKTYPHPOBAHHBIMH
JIAHHBIMHU WJTH ITPH OTCYTCTBHU 3apaHee 3aJaHHOW TPaMMATHKH.

3. [locmpoenue epammamuxy no 0annviyM. JJaHHBIA TOAXOJ MPEACTABISET CO-
00if THOPHIHYIO METOJIUKY BBIIICOIHMCAHHBIX METOJ0B, OOBEIHHSIONIYIO TPEUMY-
mecTBa (a33wHra Ha OCHOBE MyTaIlMii W TpaMMaTHKH. BMECTO HCIIONh30BaHUS
3apaHee 3aJlaHHOW TIpaMMaTHKH, CHUCTEMa aBTOMATHYECKH BBIBOAWT MpaBHIIa
U CTPYKTYPBI BXOJHBIX JAHHBIX M3 MPEIOCTaBICHHOTrO Kopmyca. KiroueBsiM mipe-
MUMYIIECTBOM TaKOTO MOIXOJa SIBISIETCSI CIIOCOOHOCTh CO3/1aBaTh CIOKHBIC CTPYK-
TYpUPOBAHHBIC BXOJHbBIC JAHHBIC, KOTOPHIC COXPAHSIIOT CEMAHTHUECKYIO KOPPEKT-
HOCTh, HO TPH 3TOM COJCPXKAT KOHTPOJHPYEMbIC OTKJIOHCHHS W aHOMAJWH,
HOTCHIMAIBLHO CIIOCOOHBIC BBISIBUTH CIIOXKHBIC U HETPUBHAIbHBIC YS3BUMOCTH.
Jlanneiii THI (a33epoB crOCOOCH aBTOMATHYECKH BBISBISTH CTPYKTYPY BXOJHBIX
JaHHBIX U (OPMHUPOBATH CIIOXKHBIC TECThI, HO XapaKTEPU3YETCsl BHICOKOW BBIUKC-
JUTEITBHOM CIIOKHOCTBIO M 3aBUCHMOCTBIO OT KadecTBa Kopryca. OH MpUMEHSIeTCs
B CITy4asx, KOTJa HET TOTOBOW IpPaMMATHKH, HO €CTh OOJNBIION HA0Op BaJHMIHBIX
HNPUMEPOB IS €€ aBTOMATHYECKOTO OCTPOCHHUSI.

4. Ha ocnoge noxkpwimus xooa. Jlanubie (azzepbl yCTPOCHBI MO MPHHIUITY Te-
HETHUYECKOTO aIrOPUTMa M CTPEMSITCSI MAKCHMHU3UPOBATh MOKPHITHE KO TECTHPY-
eMoil mporpaMmel. B oTiuune ot daszzepos uepHoro smuka (dumb-fuzzers), koro-
pble HE HCHOJNB3YIOT OOpPAaTHYIO CBs3b MO MOKPBITHIO OT MPOTPaMMBI, STH
(coverage-guided fuzzers) aHanu3uPYIOT BBITIOHEHHE MPOTPAMMBI U HCITOIB3YIOT
HOJyYSHHYI0 HH(POpMALUIO Uil 0T00pa HauOoIee NePCIeKTUBHBIX BXOJHBIX JaH-
HBIX [UTs IOCNIEAYRONMX MyTaiuid. Takue (a33epsl JEMOHCTPUPYIOT BBICOKYIO (-
(EeKTUBHOCTB U CIIOCOOHBI HAXOAUTH CKPBITHIC YS3BUMOCTH, OJTHAKO TPEOYIOT 3Ha-
YUTENBHBIX BBIYHCIHTENBHBIX pecypcoB. OHU HCIONB3YHOTCA Ui TIyOOKOi
HPOBEPKHU MPOTrPaMM ¢ OOJIBLIMM KOJIMYECTBOM JIOTHKH M Pa3BETBICHUIA.

3akaouenne. B pabore paccmorpen meron ¢aszsunra. [IpeacraBiena kiac-
cudukanms paz3epoB MO METOAY TeHEpALUK JaHHBIX U CIACTaHbl BHIBOJBI O IEJie-
c000pa3HOCTH MPUMEHEHUS (a33epoB KaKIOTro THIIA B 3aBUCIMOCTH OT 0COOEHHO-
CTel 11eJIeBOr0 MPOTPaMMHOTO OOECTeUeHHUs, IPU 3TOM MOKa3aHo, YTO B 0O0IIEM
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ciydae HauOoJbluas NpakTudeckas 3((GEKTUBHOCTb IOCTUraeTcs NpH BhIOOpe
cpeacTB ¢a33uHra ¢ 00paTHOH CBA3BIO MO MOKPBITHIO.

CruUCcoK UCTOYHUKOB
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Annomayusn. Paccmompenvl 0CHOBHbIE, HAUDOIEE U3BECTNHBIE MOOETU HCUSHEHHO20 YUKIA
npoepammuozo obecneuerus. Co30ana XpOHOA02UYECKU YNOPAOOUeHHAsl 2paguieckas cxe-
Ma, ompasicarowas Kioyesble HACIeOCMEeHHble 63aumoceszu modenei. Paspabomana
Kaaccugurayust mooeneil HrcusHeHHo2o yurkia. Ha ocnosanuu evibpannvix 6a306vix mode-
Jlell 8bl0eNieHbl Mpu epynnvl Mooelell. Kackaouvle, 280I0YUOHNHbIE U UHKpemenmuble. Onu-
Cam cocmaeg epynn u exoosuue 6 epynnvl Mooeiu. Boioenenvl cubpuoHble MOOeau HCUSHEH-
Ho2o yukia. Pesyremamvl ucciedosanus NOMOZYm — PyKOGOOUMENIM 8  Gbloope
aghexmusHoll MoOenu HCUHEHHO20 YUKIA OISt NPOEKmd.

Knrouegvle cnoea. npocpammnoe obecneuenue, JHCUSHEHHbIU YUK, MOOENb, pa3pabomxa,
Kaaccugurayus

Beenenne. OcnoBnas ¢ynkius mozaenu XKL mo b.B. bosmy — onpenenenue nopsia-
ka sranoB pazpabotku I1O u ycnoBuit nepexoma mexay Humu [1]. HMccnenoBanus
K. ®opcbepra u I'. My3a, A. Kokbepna, M. ®aynepa [2], K. Jlapmana u B.P. Ba-
3wk [3] ¥ Ipyrux aBTOpOB COCPeNOTOUCHBI Ha aHanmu3e mozenei XKL u meromomno-
ruii pa3pabotku [10. OgHako, B 3THX paboTax 4acTO CMEUIMBAIOTCS TIOHATHS MOJIE-
neit XKL 1 MeTozon0rKii; aHanu3upyeTCs OrpaHNUEHHOE YUCIIO MOJIENE; HE YUHUThI-
BAlOTCSl HACIIE/[ICTBEHHbIE CBs3U. Llempio paboThl SIBISETCS TPEIOCTaBICHUE
PYKOBOIUTEISAM TPOEKTOB AeTaibHON nH(popmanun o moaersix KL TTO anst paumo-
HanbHOTO BBIOOpa Mogenu KL u moBbiueHus 3(Q(EeKTUBHOCTH ITAHUPOBAHUS
Y YIPaBJICHUS TPOEKTaMHU.

Metoasl 1 MaTepuajbl, pe3yiabTaThl. Vccnenosansl monenu XL Huxpe-
menmuas, Ananuz-koouposanue, Koouposanue-omnaoka, Umepamusnas, Kackao-
Haa n Moouguyuposannas Kackaounas Y.Y. Poiica, Umepamusuas u Huxpe-
menmuas  (11D), Oeontoyuonnas T. Twunba, Bvicmpoe npomomunuposarue,
Cnupanvnas b. boama, V-noodenv u W-nooenn K. @opcbepra u I'. My3za, Moodens
Xaoca J1.b.C. Pakyna. Ha ocHOBaHMM TIPOBEJCHHOTO aHaIM3a pa3paboTaHa cxema
kimaccudukarun moaeneit XKII I10.

Kackaonvie (koo W) — Mopens, B KOTOPBIX TPOIECC pa3pabOTKK OCYIIECTBIIA-
eTCsl TOCJIeIOBATENIBHO 10 dTanaM. B oty rpymmy Bxomsar: Kackaouas (W), Moou-
Quyuposannas Kackaonas (W+E) u V-umodero (WH). Deomoyuonnsie (ko0 E) —
MOJICINIH, B KOTOPBIX pa3paboTKa BEAETCS UTEPATUBHO (LMKIMYHO), C OCTOSHHBIM
yTouHeHHeM TpeboBanuii. I'pymmma o0bequHseT Momenn: Ananus-koouposanue (E-),
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Koouposanue-omnaoka (E-), Boicmpoe npomomunuposanue (E+), Umepamusnyio
(E) u Dsomoyuonnyro (E+WH). Uukpemenmuule (koo |) — mMoaenn, OCHOBaHHBIE
Ha HayaJIbHOM Pa30MEHHMU apXUTEKTYphl CUCTEMBI Ha COCTABHBIC YAaCTH, TAKME KaK
MOJICHCTEMBI, MOJYJIH M JPyTrUe KOMIIOHEHTHI. DTy TPYIITY MOJENEeH COCTABISIOT:
Hnxpemenmnuasn (1+...), Umepamuenas u Huxpemenmnas (1+E), Cnupanvuas
(I+ E+WH+), Mooens Xaoca (I+E-) u W-moodens (1+W+WHE+).

O0cy:xaenme. /[ CIOXHBIX MPOEKTOB C OMNpPEAEICHHBIMH TpeOOBaHUAMHU
Y HU3KUM YPOBHEM pHCKa ciienyeT npuMensitb Kackaounwie (W) monenn XKL, Eciu
MPOEKT BKIJIIOYAET CYOTOAPSTYMKOB, JIyUIe MCHONB30BaTh Moouguyuposanmyro
Kackaouyro monens. 1y IpOEKTOB ¢ MOBBILIEHHBIMH TPEOOBAaHUSIMU K HaJEKHO-
CTH cieayer Boioupars V-modens. Deonoyuonnsie (E) momenn XKII moaxomst ast
HCCIIeIOBATENBECKUX MIPOEKTOB, TAe TPeOOBaHMs HEUETKUE, PECYPChl OTPaHHUCHBI,
a pUCKH BbIcokue. Mukpemenmuvie (I) Mopenu npeaHazHaueHbl sl MacITaOHBIX
npoekToB. Crupanbras MOJIENlb PEKOMEHYETCsl JIIsl KPYIHBIX MPOEKTOB € HU3Me-
HSIOIUMECS TPeOOBAHUSMH, BBICOKUMH HIM CPEAHUMH DPHUCKAMH M XOPOIIUM
ynpasieHHeM. J[ns TpOEeKTOB ¢ pEryisipHO MEHSIONIMMECS TpeOOBaHUSIMU
U ONBITHBIM MEHEIDKePOM MOAXOAHT Moderv Xaoca. CBEpXCIOKHBIE MPOEKTHI
C KPUTHUYECKUMH TpeOOBaHMAMH K HAJEKHOCTH M 0€30MAaCHOCTH JIy4lle Peann3o-
BBIBATh ¢ rtoMoIsn W-noodenu.

3akmouenne. Brinenensl u obocHoBaHbl Tpu rpynnsl Moxenei KL I1O:
Kackaonvie, Deontoyuonnvie 1 Hnukpemenmuvie, ONMCaH cOCTaB rpynm. ToJbKO
JIBE Kjaccuueckue mojenu — Hmepamuenas u Kackaonas — sBISIFOTCS caMOJI0-
cTaToyHbIMH. Bee octanbHble MOAeny MO0 NPEeACTaBISIOT cO00i 37eMeHTHI 6a30-
BBIX MoJeJel, Tn00 uX MOoIubUKAIK, JIUOO SBISIOTCS THOPUIHBIMU MOJEIISIMU.
Janbl pekomenganuu 1o Beioopy moaenu XKL mo tTumy npoekra.

CruUcoK UCTOYHUKOB
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Mockosckuli nonumexHudeckud yHusepcumem, Mockea, Poccus

Annomayun. B cmamve paccmampusaromcsi Kpumudeckue npooiemvl UHGOpMayuoHHOU
bezonachocmu 6 obpazosamenviom 110, 6 yacmuocmu — ysA36UMOCMU HA CMOPOHE K-
enma, gedyujue K HapyuleHuio YerloCmHoCmu OaHHbIX U KOHpuoeHyuarwnocmu. B kauecmee
pewienust npeoila2aemcst NPOAKmueHblil HOOX00, OCHOBAKHBIIL HA npUopumeme paspabomxu
KomniekcHou Tlonumuxu uHGopmayuonol 6e30naAcHOCMU HAQ MOYEUHLIMU UCPAGLeHUS-
mu. Memoodonozusi anpobuposana Ha npumepe 06pa308amMenbHOL UZPbl: ¢ NOMOUbIO CMd-
Mu4eckoeo anamuza kooa Ha ochose UU u ounamuuecko2o ckanuposanus Obli npogedeH
ayoum ucxooHou koooeou 6aswi, evisisuswuti 100 % ycnewnvix manunyisyui. B omeem
oviia paspabomana u eneopena Ilorumuka, npeonucviéaroujas nepexod K cepeepHo-
OPUEHMUPOBAHHOU apXumeKmype, 0CHOBAHHOU HA NPUHYUNAX HY1e6020 006epus. Pe3yib-
mamsl HOOMEEPHCOAOM, YMo MOAbKO UHMeZPaAYUsi CMpPO2OU NOTUMUKU, ABMOMAMUSUPO-
BAHHBIX UHCIPYMEHMOB U NPpoYecco8 paspabomku obecneuusaem co3oanue 6€30naACHbIX
U HAOEICHBIX 0OPA306AMENILHBIX MEXHONO02UIL.

Kniouegvle cnoea. nosumuxa ungopmayuonnol 6ezonachocmu, obpazoeamenvhvle mex-
HONo2UU, pa3pabomka 6e30nacH020 NPOSPAMMHO20 obecneueHus, 6e30NACHOCMb HA CMO-
POHe KIueHma, yeroCmHocms 0anHvix, koumpons oocmyna, GDPR (O6wuil peciamenm no
sawume OanHbIX), paspabomka uep

Beenenue. lcxomuast kojoBas 0a3a 00pa3oBaTeNbHON WIPhHI, pa3paboTaHHOM
B paMKaX MHOTOSI3BIYHOM M1aT(OPMBI TS U3yUeHHS s3bIKa xKecToB [1], comepikana
KPUTHYECKHE YA3BUMOCTH 0E30MACHOCTH, 00YCITOBICHHBIE W3HAYAIBHBIM JOBEPH-
€M K KJIIMEHTCKOM cpefie, a IMEHHO: XpaHEHHE BCEr0 COCTOSHUS UTPHI [2] (BKIrOUast
unlockedLevels, completedLevels u inventory object) B localStorage 6paysepa;
nuHamuueckoe (opmupoanue URL 6e3 Hamiexaried Bamumanuu (Hampumep,
window.location.href = \levelg/${lang}.html); momHoe oTCyTCTBHE CepBEpHBIX
MPOBEPOK OE30MMaCHOCTH; peaTH3alys KOHTPOJIS JOCTYIa HCKITIOUYNTETBHO Ha KITH-
eHTCcKO# cTopone yepe3 CSS-kmaccrr (Hampumep, .locked).

Marepuajbl 4 METOABI, Pe3yabTaThl. J{JIs1 yCTpaHEeH s BEISABIEHHBIX YA3BHU-
MocTeil Obla pa3paboTaHa U pealn30BaHa CEPBEPHO-OPHUCHTHUPOBAHHAS apXUTCK-
Typa Oe3omacHocTH. KilroueBble Mephl BKIIOYATIH MEPEHOC JAHHBIX W OH3HEC-
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JIOTHKU Ha CepBep C HCIoib30BaHueM 3amunieHHbix APl-BeizoBoB (GET/POST
[api/progress), BHeApeHHWE MHOTOYPOBHEBOM BAIMAAINK M ayTEHTH(DUKAITUH
Ha ocHOBe JWT-TokeHOB. Peanmm3oBaHHbBIN MTOAX0]] yCTPAHIII KIIFOUEBBIC YSI3BUMO-
ctu (CWE-602, CWE-116), 3HaYHTEIBHO MTOBBICHB 3aIUIIIEHHOCTE TPHI0KEHUS.

Onenka 3pGEeKTUBHOCTH C MTOMOIIBIO CUMYJISIHIA aTak U MPaAKTUIECKOTO MPo-
€KTa CO CTYJICHTaMHM T0Ka3alia 3HAYUTENbHOE CHIKCHUE KOJIHYECTBA YA3BUMOCTEH:
Ha 92 % B Monensix u Ha 85 % B peanbHOM KOJIE.

3axumouenue. JlaHHOE wccienoBaHUE JEeMOHCTPUPYET 3 PEeKTHBHOCTD MPOak-
THBHOTO TMOJXOJa K OOECIEeYCHHIO0 OE30MacHOCTH, OCHOBAaHHOI'O Ha IOJIMTHKE.
Brenpenne ¢dopmanbHON MOIMTUKK HH(MOPMALMOHHOW OE30MaCHOCTH TO3BOJIAIIO
OCYIIECTBUTH MEPEX0]] K 0E30MacHOW CepBEepHON MOJICITH, OCHOBAHHON HA MPUHIIU-
nax HyJIEBOTO JIOBepHs. JTa TpaHchopMalvs MpHBEIa K MPAKTHYSCKU TOJIHOMY
yCTpaHeHUIO Hamboliee KpuTnieckux yszBumocteil (~93,3 %). KitoueBbiM pesyiib-
TATOM SIBJISICTCSI HE TOJIBKO co3/aHue Oe3omacHoi urpel [3], HO U pa3paboTka yHH-
BEPCAIBHOM METOJIOJIOTHH, COUCTAOIIEH TEXHUUECKUE MEPhI C OPTraHU3aIUOHHBIMH.
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Annomayusn. B pabome paccmompenvl cyujecmsylouue aieopummbl U Memoosl 0o¢ghycka-
yuu. [Ipedcmagnenvt npumepsvl peanuzayuu paiuiHsix memooog oogyckayuu. [Ipuseden
0030p aKmyanbHvlx cyeHapues npumerenuss oogycrayuu. Paccmompenvt memooul u napa-
Mempul oyenku aneopummos obgyckayuu. Cihopmyaruposansvi cunomesvl 0 OaibHetiuem
HAnpagieHuy pa3eumusi U NPUMeHeHUs: 00pyCyupyIoumux aieopummos.

Knrouesvie cnosa. ooghycrayus, cmoiikocmos obgyckayuu, obpamuas papabomra, 3auju-
ma U0

Beenenue. [Tonstie o6dgyckauuu Briepsbie Obl10 npuBeaeHo B 1997 rony B pabo-
te [1] — 3To Takoe mpeoOpa3oBaHUE UCXOMHOTO TEKCTa WIIM HCIOJNHIEMOTo Koja
NPOTPaMMBI, YTO e¢ aHalu3 OyJeT 3HAYUTEIBHO 3aTPyJHEH, a pe3yJbTaT e¢ BbI-
MOJTHEHUSI HE M3MEHUTCA. ABTOPHI paccMaTpuBanu 00(ycKaluio B Ka4ecTBE METO-
Ja 3alIUThl OT KPakKl HMHTEIUIEKTYyaJbHOIl COOCTBEHHOCTH, HO, IOMHMO 3TOTO,
o0¢yckaus kona Takke npuMensiercss aBropamu BIIO nst nzbexxanus oOHapy-
JKeHHs mporpaMM cpeactamu AB3.

MeToabl u MaTepualibl; pe3yJbTaThl. Peanuzanus o0dyckanuu nmporpaMmmbl
MPOUCXOAMT MO HEKOTOPOMY JITOPUTMY, OIpeAeNstomeMy Habop 1 MOPsIOK Npu-
MEHEHHsI Pa3NUYHbIX MeTomoB oOdyckamuu. OOOOIEHHBIM alTOPUTMOM
o0(dyckaruu cuntaercs AnroputMm Konbepra. OCHOBHas Ujes airOpuTMa — MHO-
TOKpaTHOE MpHMEHeHne Habopa Tpanchopmauuii T k BeIOpaHHBIM dacTsM koga C
¢ meneio nosrydaenust oodyciupoBarHoro koaa C’, COXpaHSIONMETo JIOTUKY padOTHI
ucxoaHoro xkomaa C[2].

CrpykTypa anropurma 1 Habop UCIOIb3yEMbIX METOI0B 00(yCKalluy 3aBUCAT
ot nenel 00(ycKaum, CTpyKTYpbl OpUTHHATTBHON POTrpaMMBbl M TEXHOJIOTHH, HC-
NOJIB3YEMBIX NP ee pa3paboTKe.

Konkpernyto peanmmsannio o6dyckanuu MOXHO KiIacCH(UIMPOBaTh 1O ee
ypoBHIO. B 3aBUCHMOCTH OT TOTO, HaJ YeM UMEHHO NPOBOIATCS 00(dycuupyromume
OIepalty, 3TO MOXKET OBITh BBICHIMI ypOBEHb — 00(yCKaIis HCXOAHOTO KOAa Ipo-
rpaMMBbI;, YPOBEHb NMPOMEXYTOYHOTO Kojla — oO¢ycKkaius abcTpakTHoro Habopa
MHCTPYKLMH, TeHEPUPYEMOro NpH KOMIMJISLUK MPOrPaMM, HAIMCaHHBIX HA HEKO-
TOPBIX S3BIKAX MPOrPAMMHUPOBAHUS; W HU3IIMI YPOBEHb — 00(yCKaIys MalluHHO-
ro koja [4].

Merozapl 00dycKauu TECHO CBsI3aHBI ¢ OCOOCHHOCTSAMHM $13bIKA IPOTPaMMBbl U
BBIOpAaHHBIM YPOBHEM 00(yCKaly, HO MX TaKXe MpeIaraercsi pasieliuTb Ha TPU
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00001IeHHBIE TPYNITBL: 00(yCKaIWs TaHHBIX, JeKCHUecKas o0dyckamms u o0dycka-
Ul IOTOKA YTIPABIICHUSL.

O0¢yckauys JaHHBIX MpEAoaraeT pa3iudHble IPeoOpa3oBaHUs UCIIONb3ye-
MBIX 3HAYEHUI MEPEeMEHHBIX U MapaMeTpPOB BhI3bIBAEMBIX (DYHKIIMN: pasjieneHue
OJTHOTO 3HAUCHHS Ha HECKOJBKO MEPEMEHHBIX, MpeoOpa3oBaHue KOIUPOBOK U CO-
3JaHHEe COOCTBEHHBIX CTPYKTYP JaHHBIX.

K nexcuueckoit o0Qyckamu OTHOCATCS MpeoOpa3oBaHusi UMEH IepeMEHHbBIX
1 (pyHKIMH, KOMMEHTApHEB U X B3aUMHOT'O PACIOJIOKEHHUS TaKUM 00pa3oM, 4To-
OBl YTCHUE KOJIa UCXOTHOM MPOTrpaMMbl ObLIO 3aTPYAHEHO.

O06¢yckanus MOToKa ynpaBJIeHHUsI IO3BOJISIET CKPBITh CTPYKTYPY MPOTPAMMBEI,
CZeaB HEOUEBUAHBIMU PACIIONOXKECHNUE HCIIONHAEMBIX MHCTPYKLMH, TOYEK BXOAA
1 BBIXOJIA.

[Ipu BeIOOpE METOROB M (HOPMHUPOBAHUH ANTOPUTMa 00(]yCKaMU MPOrpaMMBl
HEOOXOJIMIMO PEIIUTh JIBE OCHOBHBIE MPOOJIEMBI: COXpaHEHHE JIOTUKU HCXOJHOM
NpOrpaMMBbl M TIPUEMJIEMOE YBEJIMUYCHUE BPEMEHH €€ BBIIIOJHEHUS U o0bema 3a-
TpauMBaeMbIX Ha 3TO pecypcoB. OLEHKY CTOMKOCTH 00(dycKauuud BO3MOXKHO BBI-
MOJTHUTH 0 MOJIENH «UEPHOTO SIIUKa» — TaK 00(QyCKalusl CUUTACTCS CTOWKOM
B Cllydae, €CM MpH aHaJu3e MCXOAHOTO KOoJa MPOrpaMMbl 3a pa3yMHOE BpeMs
BO3MOXHO TIOJyYUTh He Oonbilie MHQOpMAIMHK, YeM NP JHHAMHYECKOM aHaJH3e
MPOrpaMMBbl KaK «UEPHOTO SIIMKa». ABTOPHI pabOThl KpOME TakOW OLEHKH Ipe.-
JlararoT BBOAUTH Pas3sIMuHble METPUKU AJs 3 (HEKTUBHOCTH METOI0B 00(yCcKaluu
ITO: pa3zmep mponeaypsbl, CIOKHOCTD IIUKINIECKOW CTPYKTYPBI, CIIOXKHOCTh TIOTOKA
JAHHBIX MIPOLETYPHI U MIPOY.

OO0paTtHyr0 pa3paboTKy 00(YyCIHPOBAHHBIX MPOTPAMM BO3MOXKHO TPOBOIUTH
MaHyaJbHO, aBTOMAaTU3UPOBAHHO WJIM C TIPUBJICYCHUEM OOJIBIIUX SI3BIKOBBIX MOJE-
neil. B mepBbIX ABYX ciydasx 4eJIOBeKy IJIsl IPOBeIeHUs Ae00dycKaluu HeoOXoau-
MO CaMOCTOSITENILHO OIMO3HATh 00(YCIMPOBAHHBIE YYACTKH KOJA U HCIIONb3yEMbIe
MeToIbl 00¢ycKamu, U chOpMyIHPOBATh Il HUX 0OpaTHbIe IpeoOpazoBaHusl, ec-
JIM 3TO BO3MOXKHO (y[aJeHHe JHMIIHUX OJOKOB KOJIa, IEPeMMEHOBAaHNE MEPEMEHHBIX
U T.11.), HO B pab0Te JEMOHCTPHPYETCS BO3MOXKHOCTh ITPOBE/ICHHUS TaKOH Kiaccudu-
KalUH SI3bIKOBOW MOJIEJIBIO.

Ha ceronusimmamii IeHh CYIIECTBYET MHOXKECTBO BaPHAHTOB 00(yCIUPYIOIIUX
anroputMoB — Ha tuiatrdopme Gitlab pasmemensr 1124 myGiuyuHbIX MpoeKTa, 10-
CBSIILIEHHBIX 00(yCKaIMH, YTO IOATBEPKAACT aKTyaJIbHOCTh UCCIECLYEMON TEMBI.

B KkauecTBe NEpPCHEKTHBHOTO HANpAaBICHHUS HCIOJIB30BaHUS O0(ycKamuu
mpeasiaraeTcs pacCMOTPETh €€ MPUMEHEHHWE K MCXOTHBIM KoJaM M IapaMeTpam
SI3BIKOBBIX MOJIENIEH.

3akiouenune. B paboTe OblIM paccMOTPEHBI OCHOBHBIE Cepbl MPUMEHEHUS
o0¢dyckamuu, npuBeneH 0030p METOJOB peaju3alliu, OUEHKH 3(PPeKTHBHOCTH
u neob¢yckanun. beuto BEIIBUHYTO mpeamnonoxkenne o0 3¢ dekTuBHOCTH MpHUMe-
HEHHSI METOJ0B 00(ycKanmum K MCXOAHBIM KOJaM OOJIBIIMX SI3BIKOBBIX MOJENEH,
chopMyITHUpOBaH MPEABAPUTEIBHEIN CIHUCOK 00(yCIUpyeMbIX OJOKOB M TapaMeT-
poB. Beutn npennokeHsl METOABI TI0 CHIYKEHUIO MOTEPh MPOU3BOUTEIBHOCTH TIPU
HCIOJBb30BaHUU aJITOPUTMOB 00(yCKaMU AT A3BIKOBBIX MOJEIICH.



188 Pycckuli uHxxeHep: Il MexxdyHapoOHbil koHzpecc. Mockea, 29 -3 1 okmsbps 2025 2.

CrucoK UCTOYHUKOB

[1] EpbonatoB A.H. PeBepc-MHKMHHPHHT TPOTHB MCKYCCTBEHHOTO WHTEIUIEKTA: aHAIM3 Camo3a-
muieHHbx monenein M. Becmuux nayku, 2025, Ne 2 (83), c. 436-443.

[2] Ob6gpycrkayus u sawuma npocpammusix npodykmos. URL: https://citforum.ru/security/
articles/obfus/ (mara o6pamenus 25.09.2025).

[3] Kpacor A.B., 3yes WU.II., Kapennckuii I1.B., Pagsiackas B.E., T'epacbkuna B.C. Anroputmsl 1
METO/IBI 3aIMTHI IPOrPAMMHOI0 Kojia Ha 0ase o0¢yckarmu. |-methods, 2020, Ne 1 ¢. 1-12.

[4] MDN Glossary: Base64. URL: https://devel oper.mozilla.org/en-US/docs/Glossary/Base64 (ac-
cessed 25.09.2025).



Pazden 2. VickyccmeeHHbIld UHmeekm U UHOPMAYUOHHbIE mexHOoM02uu 189

Y[IK 004.896

MpumeHeHune apxutekTypbl lMNaHAEMOHUYM
B MYJIbTUAreHTHbIX CUCTEMAX AJ1IA ONTUMU3ALUU
napaJieNbHoV 06paboTKM HECTPYKTYPUPOBAHHbIX AAHHbIX

banabaHoB Anekceii Onerosuy’ alexclass98@mail.ru
NaBnos Hukuta Muxaiinosuy>”
2(%)

inbox@zero-ediscovery.ru
Tuxornas lOpuit CepreeBuy inbox@zero-ediscovery.ru

MepBepes Cepren BsuecnasoBuy’ Sergo.ranes1@mail.ru
"MITY um. H.3. baymaHa, Mocksa, Poccus

2000 «/labopamopus KPUMUHAIUCMUYeCcK020 aHanu3a 0aHHbIx», Mockea, Poccusi

Annomayun. Paccmompena 603MOJNCHOCMb NPUMEHEHUA KIACCUHECKOU apXumeKmypbl
IHanoemonuym Cengppuodica onst cozoanus 3QheKmuHbIX MyabmMuUaeeHmublx cucmem 0o-
pabomxu Odaunvix. Ilpedcmasnen adanmupoanHbvlii N0OX00 Ol ABMOMAMUYECKOU Kldc-
cuguxayuu pasHopoorvix munos ¢hatinos. Ilokasano 3HauumenvHoe npesocxo0Cmeo npeo-
J1a2aemo20 peuteHuss Hao MpaouyuOHHbIMU O4YepeOHbIMU cucmemamu obpabomku. Beiiu
ROJYYeHbl 8bI600bI O MOM, YO APXUMEKIYPA MONCET NPUMEHAMBCS OIS 8bICOKONPOU3BO-
OumenvHoli 06padomku OOTLUUX 00BEMOE OAHHBIX 8 KOPHOPATNUSHBIX CUCTEMAX.

Kniouesvie cnosa: mynomuazenmuvie cucmemvl, apxumexmypa Ilandemonuym, napainens-
Has 00pabomka OAHHLIX, ABMOMamMuyeckas Kiaccugurkayus ¢ainos, pacnpeoeieHHvle
BbIYUCTICHUS

Beenenne. CoBpeMeHHbIC MHPOPMAIMOHHBIE CHCTEMbI CTAJIKHBAIOTCS C JKCIIO-
HEHIIMATbHBIM POCTOM OOBEMOB PAa3HOPOJHBIX JAHHBIX, TPEOYIOIINX aBTOMATH-
yeckoi 06paborku u kmaccupukanuu [1]. TpaauInOHHbBIE MOIXOIBI, OCHOBAH-
HBIC Ha MOCJICIOBATEIBHON 00paboTKe, IEMOHCTPUPYIOT HU3KYIO 3D (PEKTUBHOCTH
npH paboTe CO CIOXKHBIMU CTPYKTYPaMHU JIAHHBIX, OCOOCHHO C TIyOOKO BIIOKEH-
HBIMH apxuBamu. Apxurekrypa [langemonnym, npemioxerras O. Cendpumxem
B 1959 roay muist 3amay pacno3HaBaHus 00pa3oB, OCHOBaHA Ha MPUHIUIIE COPEB-
HOBATEIbHOIO Mapajuiein3Ma, 1€ MHOXECTBO CICIUATN3UPOBAHHBIX ArcHTOB
OJIHOBPEMEHHO aHAJU3UPYIOT BXOJHBIC JIAHHBIC U KOHKYPHPYIOT 3a IPaBO OIpe-
JEJIEHUsT UTOroBoro pemrenus [2]. JaHHBIA TOIXOMA IIPEACTAaBIAETCS IEPCIEK-
TUBHBIM JIJIsl aJanTaldd K COBPEMEHHBIM 3agayaM 0OpaOOTKH JaHHBIX B MYJIb-
THAre€HTHBIX CHCTEMaX.

Metoabl U MaTepuaibl; pe3yabTaThl. Paspaborana ajanTupoBaHHAs apXu-
Tektypa [laHneMOHMYM JUIs MYJIbTHAreHTHBIX CUCTEM OOpabOTKH MaHHBIX, TIIE
POIb IEMOHOB BBITIONHSIOT CIIEIUATN3UPOBAHHBIC areHThI-00padoTunku. Kaxaprit
areHT aHAJU3UPYET BXOJAIIME JaHHBIC MapajlIeIbHO, OICHUBAET MPUMEHUMOCTh
CBOMX aJrOPHTMOB M TE€HEpHUpYyeT OLCHKY yBepeHHocTH (confidence score). Cu-
CTeMa TPUHSITHS PEUICHUI BBIOMpAeT pe3ysibTaT arcHTa C HAaWBBICIIMM TOKa3aTe-
JIEeM YBEPEHHOCTH JJIs OIIPENICIICHUS JalIbHEHIIEro MapiipyTa o0paboTKH.
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[TpoBeseHO CpaBHUTEIBHOE TECTUPOBAHUE IMPEAIaraeéMoi apXUTEKTYphl C Tpa-
JMIIMOHHBIMU TIoaxoamu Ha Habope u3 1000 ¢aiinoB pa3iMyHBIX THIIOB, BKIFOYAsS
BJIO’KEHHBIC apXUBBI TIyOUHO# 10 12 ypoBHe#. [Ij1s pacueToB UCMOIL30BATUCH JaH-
HbIe 0 mpou3BoAUTENbHOCTH apxuBatopos: ZIP (150 Mb/c), TAR (200 MFb/c), RAR
(120 MB/c), 7Z (100 MB/c), a Takxe cratucTrka o 3arpy3ke CPU B mocnemoBatesb-
meIx cucteMax (15-30 %) [3]. Pe3yaprarsl SKCIIEPUMEHTA TIOKA3BIBAIOT 3HAYUTED-
HOE TIPEBOCXOJICTBO MYJBTHArCHTHOTO IMOJXO0Ja: MPOU3BOJIUTEILHOCTE 00pPaOOTKH
yaydiiena B 3,75 paza (Bpemsi 00paboTku cokparieHo ¢ 45 1o 12 mMunyT), dddek-
TUBHOCTH Mcronb3oBanus CPU moseimena B 3 pasa (¢ 30 % m0 90 %), motpebieHne
namsat cHmkeHo Ha 95 % (¢ 8 I'b mo 400 MB). Oco6eHHO 3HAUUTENbHBIC YIydllie-
HUSI IOCTUTHYTBI IPH 00pabOTKe BIOKEHHBIX apXMBOB: YCKOpeHUe focTruraeT 18 pas
IUTSL CTPYKTYP € TIyOHHO#M BioxeHHocTH Oonee 10 ypoBHeii.

3akiioueHne. AnanTanusi KIACCHYSCKON apXUTEKTyphl [IaHAEMOHUYM st
CO3/IaHMsI MYJIETHATEHTHBIX CHCTEM OOpabOTKM JAaHHBIX IEMOHCTPHPYET 3HAYH-
TeJbHBIE IPEUMYIIIECTBA TIepe/] TPAAUITHOHHBIME Toaxo1aMu. COpeBHOBATEIBHBIH
TPUHIIMIT OPTaHU3aluK BBIYUCICHHN oOecrieunBaeT 3QPEeKTUBHOE HCIOIh30BAHUE
PECYPCOB U BBICOKYIO POHM3BOAUTENLHOCTh, OCOOCHHO NpU paboTe cO CIOKHBIMU
CTPYKTypaMH JaHHbIX. [IpeamaraeMplii mOaXoa MOXET OBITh PEKOMEHIOBAH ISt
BHEJPCHHUS B KOPIIOPATUBHBIX CHCTEMaX JOKYMEHTOOOOpOTa U apXHUBaX AJICKTPOH-
HBIX JIOKYMEHTOB.
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Annomayus. Paccmompena 3aoaua s¢hhpexmueno2o nocmpoenust 6eKmopHuix npeocmas-
Jenull OJisl 6epuiUl HEeOPUEHMUPOBAHHBIX 2pAp06 HA OCHOBE UX JIOKAIbHBIX HOO2paPos.
Ilpeocmaeneno cpasnenue mpex nooxo006. mounozo Kombunamoprozo areopumma PGD,
netipocemesot mooeau ESC-GNN, ucnonvsyroweii cmpykmyprvie npushnaku, u nooepago-
ol netiponnou cemu (Ubgraph-GNN) ¢ passepuymoii apxumexmypoii. /s mecmuposa-
HUSL UCTIONIb308AHBL CUHMEMUYECKUe 2paghvl pasiuunslx mononoauti. Ipedcmaesieno epems
pabomvl u nukosoe nompebaenue namamu. Coenansl 6b1600bl 0 NPUMEHUMOCU KAIHCOO20
Memooa.

Knrouesvie cnosa: cpagui, noxkanvhvie nooepagul, 6eKmopHvle npeocmagieHus 6epuiLuHbl,
epaghosuvle u nooepagosvie HelpoHHble cemu, NOOCHem 2pagemos, blvUCIUMeNbHA -
Gexmusrocmo

Beenenue. 3amada cpaBHEHHMs CTPYKTYPHBIX XapaKTEpUCTUK IpadoB SBIAETCS
KITIOYeBOW It MHOTHX oOiacteil. OMHUM M3 TOAXOMOB K €€ PEIICHUIO SBIISETCS
MOCTPOEHHUE JUIsl KaKOW BEpLIMHBI BEKTOpA MPU3HAKOB, OMHUCBIBAIOLIETO €€ JIO-
KaJIbHY}0 OKPECTHOCTh. TpagulMOHHBIE METOABl OCHOBAaHbI Ha TOYHOM IIOJCYETE
MaJbIX MHAYIHUPOBAaHHBIX moarpadoB (rpadieroB), OMHAKO OHU BBIYHCIUTEIHHO
3arpaTHbl A1 Oosbmux rpados. IlepcriekTUBHON albTepHATUBOW SABISIOTCA Ipa-
¢oBbIe HEWpoHHBIE ceTh. Llens paboTel — CpaBHUTEIBHBIN aHAIHN3 BEIYUCIUTEIh-
HOU 3 (pEeKTUBHOCTH TpeX METOAOB MOCTPOCHHSI BEKTOPHBIX IPHU3HAKOB.

Marepuajibl © METOABI; pe3yJbTaThl. PaccMOTpUM IPOCTONH HEOPHUEHTUPO-
Bauubll Tpad G = (V,E) ¢ukcupoBanueii paaumyc h. JIis Kaxaod BepIIUHBI
v € V crpoutcs ee MHAyLIHMPOBAaHHbIA noarpad

S, = GIN,()], N,(v) = {u € V : dist;(u,v) < h}.

3ajaya COCTOUT B TOM, YTOOBI JJIsl K&XKAOTO moarpada S, MmoIyuyuTh ero Bek-
Top npu3HakoB f(S,) € RY.

[lepBrIit MmeTox hopMUPOBaHUS BEKTOpa MPU3HAKOB — TOYHBIN KOMOMHATOP-
HBI aNTOPUTM, COYETAIONINHA MOJCYeT 3-5-BEpIIMHHBIX TpadieToB aJrOpUTMOM
PGD [1]. Bropoit meton, ESC-GNN [2], — rubpuanbIii mogxo, B KOTOPOM T'pa-
(doBasi HEMpOCeTh MPECKAa3bIBACT BEKTOpP TpadieTOB HA OCHOBE MPEIBAPUTEIHLHO
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BBIYMCIICHHBIX CTPYKTYPHBIX BEKTOPHBIX MPH3HAKOB pedep noarpada. Tperuii me-
toz, Subgraph-GNN [3], ucrone3yer apxuTeKTypy, BEIYHCIUTEIbHBIN Ipad KOTO-
poil TMHAMHYECKH CTPOMTCS Ha OCHOBE TOMOJIOTHH moarpada S,. OCHOBHBIE pe-
3yJIbTaThl 3aMEPOB BPEMEHH BBITIOJIHEHUs T (C) U MUKOBOTO MOTPEOJICHUS MaMSTH

M (MB) mpeacraBieHsl B TaOIHIIC.

CpaBHeHne BPEMEHH BBINNOJTHEHHUS MPOrpaMMbl 1 MAKOBOT'0 HOTpeﬁJIeHI/IH namMsTH

Subgraph-GNN PGD ESC-GNN
Ipad VI E|
T,cC M, MB T,cC M, MB T,c M, MB
HemnortHbli 458 457 1,9 187,43 4,05 29,7 8,7 15
TInoTHBIM 993 2574 32,9 203,31 46,98 | 32,13 16564 | 3,65
Bonpmoit 88573 | 88572 2965 | 352,92 79856 | 2175 >244 —

3akaouenne. HeiipocereBas momens Subgraph-GNN mnoka3ssiBaeT MHHH-
MaJIbHOE BpeMsl paboThl, HO TpeOyeT 3HaUuTeNbHO Ooiblne namstu. Monens ESC-
GNN, HampoTuB, MMEeT MHHHUMAIILHOE MOTPEeOJCHUEe MaMsITH, HO YCTyMaeT Mo
ckopoctH pabotel. Anroputv PGD nemoHCTpupyeT OallaHC XapaKTEpPHCTHK INPH
OTCYTCTBHH 3Tana 00yueHHS.

JIOTIOTHUTENTHHO MPOBEICHO TECTHPOBaHUE KOPpEeKTHOCTH Momenu Subgraph-
GNN: KoCHHYCHO€ CXOJICTBO BEKTOPHBIX NPHU3HAKOB MCXOJHOTO M ayrMEHTUPO-
BaHHOTO Tpada coctaBmiao 0,9945, Torma xak mis ciywaitHoro rpadga — 0,2118.
3TO TOATBEPXKAAET YCTOWYMBOCTH MOJEIH K HE3HAUYUTENHHBIM H3MEHEHHSIM
CTPYKTYPHI U €€ UyBCTBUTEIBHOCTD K TOMOJIOTHYECKUM PA3THYHUSIM.
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" Pord passumus cemesbix mexHono2ul «MHfJjama», Mocksa, Poccus
2MITY um. H.3. Baymana, Mockea, Poccus

Annomayusn. Paboma noceswena ananuzy 803MONCHOCMEN U NOCIeOCNEULl GHeOpeHUs. 8
ungppacmpyxmypy cemu Humepnem ROCMKEAHMOBbIX AN20pumMo8, 6 yacmuocmu, ML-
DSA-65. Paspabomanul npocpammusie ymuaumot, ucnoawvsyrowue ML-DSA-65 ors cozoa-
HUsL 2IeKMPOHHLIX noonucell @atinos u yugposvix cepmuguxamos. Ilposedeno cpasnerue
ckopocmu pabomer ML-DSA ¢ mpaouyuonnvimu aneopummamu yugposoii noonucu —
RSA, ECDSA. Paccmompenvt mexunonozuu, komopwvie maccosoe snedperue ML-DSA 3a-
MpOHEm 8 nepeylo o4epedb — 8 CESI3U C UX WUUPOKUM UCHOTb30BAHUEM.

Knrouesnie cnosa. nocmreanmoswiii aneopumm, areopumm Lllopa, ML-DSA, ML-DSA-65, TLS

BBenenne. [10CTKBaHTOBBIC AITOPUTMBI (KBAaHTOBO-YCTOMYUBBIC AJITOPUTMBI) —
3TO KpUNTOTrpaduIecKre alrOPpUTMBI, KOTOPBIE, B OTIIMYHE OT IIUPOKO HCIIONIB3Y-
eMBIX aTOPUTMOB TPAJUIMOHHOW KpUNTOTrpaduu, UMEIOT TEOPETUUECKYIO CTOM-
KOCTh K aTakaM KBaHTOBBIX KOMIIBIOTEPOB, MPOBOAMMBIX C ITOMOIIBIO aITOpUTMa
[Mopa [1]. AxkTyanbsHOCTE PabOTEI 00YCIOBIEHA BO3MOKHBIM MTOSIBICHHEM KBAaHTO-
BBIX KOMIBIOTEPOB H HEOOXOJMMOCTBIO CBOEBPEMEHHOM 3allUTHl JaHHBIX M KaHa-
JIOB CBSI3M OT aTak.

Metoabl u MaTepHuaJbl; pe3yabTaThl. [JJis MHOTHX pacpOCTPaHEHHBIX SI3bI-
KOB IIporpamMMupoBanus, Takux kak Go, C, Python, Java u npyrux, cymecTBylOT
OMOJIMOTEKN C OTKPBITHIM UCXOJIHBIM KOJIOM, TTO3BOJISOIUE UCITOJIL30BATh Peali-
3aIMI0 [TOCTKBAaHTOBBIX aJITOPUTMOB B JIIOOBIX LensiX. PaspaboranHble ¢ UX moMo-
IIpI0 Ha SI3bIKE MporpamMMupoBaHus GO yTHIUTH MPOJEMOHCTPUPOBAIN paboTo-
CIOCOOHOCTH U BBICOKYIO CKOPOCTh aropuTMoB cemeiictBa ML-DSA. 13 Ta0auibt
BuaHO, 4yto ML-DSA 1o ckopoctd He ycTymaeT TpaJuLMOHHBIM ANTrOPHTMaM
(G pOBO MOAIHICH.

C moMONIbI0 YTHIIMTHI JUIsl cOo37aHus ceprudukaroB Obud co3manbl LS
cepTu(UKaThHl C TOCTKBAHTOBOHM CXeMOil 1n(pOBOl MOITUCH, YCIIEIIHO Paclio3Ha-
FOIIIMECS IIHPOKO PACIPOCTPAHEHHON yTHIHTONH «OPenssl». OCHOBHON HEI0CTATOK
mudposeix nmoanucedt Tmna ML-DSA — ux pasmep, npesblmatonmid 0OBIYHBIH
pasmep noanucei B Aecatku pas. [Ipu MmaccoBom BHeApenurn ML-DSA, on okaxer
cwibHOe BiausHUE Ha TLS u DPI u3-3a npersimenus pazmepa TLS-3anucu, a Tak-
e Ha DNSSEC. Xote ML-DSA 06pIn cTaHZapTH30BaH OTHOCHUTEBHO HEIABHO
U ero pachpoCTpaHeHue Mo ceTd MHTEpHET TOJIBKO HAYaIloCh [2], yCHenHbli mpu-
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Mep BHEAPEHUS IMOCTKBAHTOBOTO ajJrOPUTMa YK€ €CTh — alTOPUTM OOMeHa KITIO-
yamu ML-KEM yxe ucmonb3yeTcs COBpeMeHHBIMU Opay3epamMu MO YMOJTYaHHIO

" 3aHUMAcCT 6OJ'IBH.IyIO A0JII0 B MUPOBOM Tpa(l)I/IKe.

CpaBHeHHe CKOPOCTH PadoThl pa3JIMYHBIX AJITOPUTMOB HUGPOBOIi MOANIHCH

AJropaT™ Tenepauus kioya, [Moanuch JaHHBIX, IIpoBepka noanucu,
MKC MKC TR
ML-DSA-44 84 212 36
ML-DSA-65 150 339 50
ML-DSA-87 220 373 72
ECDSA-P384 108 171 499
RSA-3072 156256 909 31

3akaouenue. BLIMOTHEHHBI aHAIN3 TO3BOJIHI OIICHUTH. KaK IMOCTKBAaHTO-
BbIC aJTOPUTMBI HCIOJB3YIOTCS B HMHQPACTpyKType ceth WHTepHeT, 4eM OHH
OTJINYAIOTCS OT TPAAMIIMOHHBIX M KaKoe BIUSHUE Ha ceTh MIHTepHET BBI30BET IIN-
pokoe BHenpenue ML-DSA-65. [lansHeiiniee pa3BuTHe NaHHOW pabOTHI COCTOUT
B pa3paboTKe U MPAaKTUIECKOM MPUMEHEHUH YTHIIUT, UCTIOJIB3YIOIMX TOCTKBAHTO-
BbI€ aJITOPUTMBI U aHAJIN3€ UX PaOOTHI.

CnuUcoK UCTOYHUKOB

[1] Hacenxun IT.H., CBepkyHor B.A. Kpunrorpadudeckne aaroputMbl Ha MyTH K MOCTKBAHTOBOMN
kpunrorpadun. Augpopmayuonnsvie mexnonocuu u mamemamuieckoe MoOOeIUpoOsanue 8 ynpas-
nenuu crodicuvimu cucmemamu, 2022, Ne 4 (16), c. 67-73.
https://doi.org/10.26731/2658-3704.2022.4(16).67-73

[2] Aprioxur A.A., Escee A.B., Kosanenko T.A. IloctkBanToBas kpunrtorpadus 2025 roxa:
craugaptel Fips 203-205 u anroputv HQC B KOHTEKCTE peCYypCHO OrpaHHYEHHBIX cucteM. I1a-
paoduema, 2025, Ne 5-2, c. 343-347.
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V]IK 681.78

OueHka cTabunbHOCTM Nepepauy sBugeomHdopmayum
Npu pa3NUYHbIX Harpy3Kax Ha ceTb

BuxpecTiok Mapus AnekceesHa'” lemz_noginsk@gskb.ru

KynaruH Anekcanpp Cepreesuy lemz_noginsk@gskb.ru
SPIN-kopa: 9205-9116

MAO «HI0 «Anma3» um. akademuka A.A. PacnnemuHa, Mockea, Poccusi

Annomauyusn. Paccmampusaemcs oyeHka cmabuibHocmu nepedavu 8udeoungopmayuu no
BUOCOKAHATY Nepedaiu KOMNIEKCAX HAOMOOeHUs PeanbHO20 8PeMEeHU NpU PA3TUYHBIX
Haepy3Kax Ha cemv. IIpugooAmcs pe3ynomamsl IKCHEPUMEHMOS.

Kniouesvie cnosa:. apmeghaxm, 3a0epiicka 6U0eou300padcenust, Hazpy3Ka Kanaid, OnmuKo-
INEKMPOHHOE CPEOCMB0, CMAOUILHOCHb nepedayu unpopmayuu

BBenenune. CTaOUnsHOCTH TIEpeIadyl BUACOMH(POPMAITHH 10 BUICOKAHAITY Tpeia-
raercst 0003HaYUTh TAKMM TEPMHUHOM, KaK CTPECCOYCTOHUUBOCTb.

[Ipy MPUMEHEHHH ONTUKO-3JIEKTPOHHBIX cpeacTB (ODC) B KOMIUIEKCAX pealib-
HOTO BpEMEHH HEOOXOANMO, YTOOBI Harpy3Ka CUCTEMBI HE MpHBEia K yXYALICHUIO
OcHOBHBIX Moka3zaresieii OOC, KOTOPBIMU SIBIISIIOTCS BpeMsl 3aJEp:KKH BHIEOH300-
pakeHHs, XapaKTepHU3yIOIlee CIOCOOHOCTh CHUCTEMBI 00padaThiBaTh WH(POPMAIIUIO
B pealbHOM Maciitabe BpeMeHu [1], U HexenaTesbHbIe BU3yalbHbIC MCKaKEHHUS,
BO3HHUKAIOIIME HA BUACOM300paKECHNH, Ha3bIBaeMble apTedakramu [2].

Marepuajbl U MeTOAbI; Pe3yabTaThl. JKCICPUMECHTAILHBIM MyTeM ObLIA
NpOBeJICHa OIICHKAa MAaKCUMAaJIbHOM 3arpy3Ky KaHaJIOB P HCIOJIb30BaHUH Pa3HBIX
nporokosioB nepeaaun: UDP u TCP/IP, npu koTOpoil BUICONOTOK MMEET JOIYy-
CTHMBbIC M HEJOMYCTUMbIE UCKAKEHHSI C MUHUMAIBHBIM U HEJOIYCTUMBIM IS pa-
OOTHI BpeMEHEM 3aJCPIKKH BHICON300paKEHUS.

CreHp Ans TECTHPOBAHUS CTPECCOYCTOMYUBOCTH MMPOBOAHOTO KaHaIa COCTOSI
U3 cepBepa, B KayeCTBE KOTOPOTO HCIOJIb30Bajcsa HOYyTOyK (1 mT.), IByX KITHeH-
TOB, B KayeCTBE KOTOPBIX HCIOJIB30BAJCS OMOJHHUTENbHbIH HOYyTOYyK (1 mir.)
u OOC (1 wr.), kommyrarop (1 mT.), kKabenb TuMa rj45 ¢ MPOMYCKHOI CIOCOOHO-
cteio 1 I'6ut/c Ethernet (3 mr.).

CepBep 1 KIMEHTH MOJKIIOYATNCh K KoMMyTaTtopy. Ha HoyTOyK-cepBep mo-
ctynan Bugeonotok or O3C u ¢ukcupoBanack cOOCTBEHHasI HArpy3Ka ¢ MOJIKIIIO-
yeHHbIM OOC. Jlanee npu pa3IuyHbIX Harpy3Kax IPOU3BOJIUINCH U3MEPEHUS Bpe-
MEHH 3aJep>KKH BHICOM300PaKCHUS M OLCHUBAINCH BHU3YalbHbIE HCKAKEHHS
(apredakTsr). Mcmonmp3oBanuch koMOWHaumuu mnepeaadn uHpopmamuu ot ODC
K cepBepy mo TpancnoptHbiM mpoTokoiaam TCP/IP umu UDP u 3arpy3ka kaHaios
naHHbIMH 110 TipoTokoiy TCP/IP wim UDP. IlomyueHHble pe3ynbTaThl SKCHEPH-
MEHTOB YaCTUYHO MPEACTaBJICHbI B TAOIHLIE.



196 Pycckuli uHxxeHep: Il MexxdyHapoOHbil koHzpecc. Mockea, 29 -3 1 okmsbps 2025 2.

3arpy3ka kanaja no UDP u TCP/IP (O9C UDP)

O0wmas 3arpyska Bpems Hckaxenne
cetu (M6aiit/c) 3a1epKKH (c) BH/1€0NOTOKA

CoOcTBeHHas 3arpy3Ka 18 0,232

nHdopmanueit or O9C

(8 M6ut/c) TCP/IP:

JomonauTtensHas 3arpy3ka 14,3 0,252

B 100 Mo6ut/c

JlononHuTenbHas 3arpy3ka 26,7 0,2625 Penxue u kopoTkue

B 200 M6wur/c 3aBHCAHUS

JlomoHUTE IbHAS 3arpy3Ka 112 3,3063 YacTeie 3aBUCAHUS

B 900 M6urt/c

JomomHuTeNpHAS 3aTpy3Ka 118 >5 [TomHOE 3aBUCAHTE

B 940 M6ut/c BHICOTIOTOKA

CoOcTBeHHast Harpy3Ka 1,2 0,25425

05BC no UDP:

JlononHuTenbHAs Harpy3Ka 13,8 0,256

B 100 M6ut/c

JlononHuTenbHas Harpy3Ka 113 0,268 [MosiBnenue apre-

B 900 M6wur/c (akroB

JlononHuTenbHas Harpy3ka 116 >5 Bonemoe xonuue-

B 940 M6wut/c CTBO apTe(hakToB,
3aBHUCAaHUE BUJICO-
MOTOKA

[lo maHHBIM, TOJYYEHHBIM B XOJI€ SKCIEPUMEHTOB, OBUIM CJICJIAaHBI BBIBOJIBI
0 TOM, YTO HCMoJb30BaHue mpotokoia TCP/IP mo3Bosser mojydars BHACOMOTOK
C JIONMYCTUMBIMU MCKOKEHHUAMH W MUHUMAJIbHOWU 3aJ€PKKOM MpPU MaKCHUMaJbHOU
3arpyske kaHajua. A npu ucnonszoBaHuu mnporokona UDP mis OOC u narpysku Ka-
HaJla HaOJIFOMAeTCs, YTO Ul BOSHUKHOBEHHUS KPUTUYECKUX HCKKCHHHA M HEIOITY-
CTUMBIX 3ajIepiKeK HeoOXouMa MeHbIIas Harpy3ka kKaHaiga (o CpaBHEHHIO ¢ APy-
THMH).

3akiouenue. Ha ocHOBE BBITIIEH3I0KEHHOTO, B KOMITJIEKCAX PEaTbHOTO Bpe-
MeHH, ocHanleHHBIX OOC, Brimyckaembix [TAO «HIIO «Anmaz», akTyaabHBIM SIB-
JSeTCs TIpUMEHEH e TTpoToKona nepenaun uadopmarwu TCP/IP. Ilpu sToM peans-
Has Harpy3ka Ha ceTb JOJDKHa cocTaBiaTe He Ooiee 90 % oT Harpysky,
3asIBICHHOU MTPOU3BOAUTEIIEM.

Taxkum oOpa3om, OIIEHKa CTPECCOYCTOMYMBOCTH KaHaa Iepenadu uHpopma-
MU TIO3BOJISIET BBISBUTH €r0 CIa0ble MeCTa W MPHUHITh MEPHl IS YIy4IICHUS
HazexxHocTu U dddexruBHOCTH. Takol aHanm3 0coOEHHO BaXKEH ISl KAHAJIOB, KO-
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TOPBIC HUCIIOJIB3YIOT B YCIOBUAX MOBBIIIICHHOM Harpysku WJH B YCJIOBHUAX C BBICO-
KM YPOBHCM IMOMEX U LIYMOB.

CruUCcoK UCTOYHUKOB

[1] Kysbmenkos B.IO., Buxpectiok M.A., Kynarua A.C. 3ambicen pa3paboTKH METOJUKH BbIOOpa
OITHKO-3JICKTPOHHBIX CPEICTB IS a3pPOAPOMHOT0 00OpYIOBaHHS BHICOHAOIIONCHHS. AKmy-
anvuvle gonpocwl pazeumus cucmem u cpedcms BKO. Xl nayu.-mexn. koug. Monoovix yuenvlx u
cneyuanucmog: c6. nayy. mp. Mocksa, [TAO «HITO «Anmaz», 2023.

[2] 1SO 32000-1:2008. Document management — Portable document format — Part 1: PDF 1.7.
Geneva, International Organization for Standartization, 2008.
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Y[IK 004.89

06BbACHUMDbIV MCKYCCTBEHHDbIW MHTENIIEKT KAK UHCTPYMEHT
B3aMMOJeNCTBUSA Bpaya, NaLMeHTa U TEXHUYECKOro CneuuanmcTta

Bnacosa Buta BnagumuposHa'” vlasova.v@bmstu.ru
SPIN-kopa: 4308-3080
JlanyHuoBa EneHa BauecnaBoBHa lev86@bmstu.ru

SPIN-kop: 3500-4160

MITY um. H.3. baymaHa, Mocksa, Poccusa

Annomayusn. Paccmompenvl Knoyegvle npobremvl 00bACHUMOCMU UCKYCCIBEHHO20 UH-
mennexkma (MH) ¢ meduyune. O603nauena neoOX00UMOCHb CO2NACOBAHUS UHMEPECOs
U UHDOPMAYUOHHBIX NOMpedHOCmel mpex CMOPOH — MeOUYUHCKUX PAOOMHUKO8, Nayu-
enmos u paspabomuuxog mexuoaoeuti. Iloxazano, ymo o0OBACHUMOCMb CMAHOBUMCS
He MONbKO MEXHOL02UMECKUM, HO U IMUYECKUM U KOMMYHUKAMUGHBIM YCI08UeM 008ePUsL.
Ocoboe sHumarnue yoeneHo adanmayuil 0O0vACHEHUN K YPOGHIO NOO2OMOBKU NOb308AMEIIS
u ponu MU 6 knunuueckou npakmuxe.

Knruesvie cnosa:. obvacnumsiti MU, meduyuna, dosepennvii MU, e3aumooeiicmsue, un-
MepPRpemupyemMocb, NAYUeHm — 6pay — pa3padomuux

Beenenne. Menununckue MU-cucTteMbl JAEMOHCTPUPYIOT BBICOKYIO 3(deKTHB-
HOCTh B JMArHOCTHKE, NMPOTHO3UPOBAHUU M NOAJEPKKE NMPHUHATHS PELICHUH, HO
OCTAIOTCA «YEPHBIM SIIIUKOM» JUIS TI0JIb30BaTENed. JTO CO3/1aeT MPOTUBOpEUHUE
MEXIY TOUHOCTBIO M MHTEPIPETUPYEMOCTBIO, YTO OCOOCHHO KPUTHYHO B 3/IpPaBO-
oxpaneHuu. O0bsicanmbiit U (XAl) cTraHOBHUTCS yCIIOBUEM JIOBEPHsSI U FapaHTHEH
0e30macHOr0 BHEAPEHHS TEXHOJIOTHH. BakHOl 3amaueil siBisieTcsl BbICTpauBaHHE
MEXIUCHUIIMHAPHOTO B3aMMOJCHCTBUSL MEXIy BpadaMmy, NMAlMeHTaMH M paspa-
OoTYMKaMH.

Metoast u Mmartepuajbl; pe3yabraTbl. CoBpemennsie Metoasl (LIME,
SHAP, Attention Maps) mo3BOJISIOT JIOKaIbHO HIIM YaCTHYHO MHTEPIPETHPOBATH
peleHust MoJienieil, Ho TpeOyIoT afanTtalyy MoJ MyJIbTUMOJATbHBIE METUIIMHCKUE
JaHHBbIE, BKJIIOYAIONINE H300paKeHUs, TEKCTbl M BpeMeHHbIEe psaabl. Ilpu sToM,
Bpauyll HYXJAOTCS B KIMHAYECKHA PEJICBAHTHBIX OOBSICHEHHSX. KaKue MPU3IHAKH
ObUIM KJIIOYEBBIMH, KaK OHH COOTHOCATCSI C JAWArHO30M, CTaauei 3a0oieBaHUs
U BO3MOKHBIMHM TEPAreBTUYECKUMH CTPATETHSIMUA. OTO OOJErdaeT HHTErpaluio
WU B mpakTHKY U CHIKAET PUCK BpaueOHbBIX OMIMOOK. Takxke, MalueHTs! JOJKHBI
MOHUMATh JIOTHKY MPUHSATHSA PEIICHUN MPOCTHIM S3bIKOM. [loHSTHBIE BH3yanu3a-
[[UH, CIICHAPUU «4TO, €CIH» M CPaBHCHHE AbTCPHATUBHBIX BAPHAHTOB JICUCHHUSI
MOBBIIIAIOT YPOBEHb HH()OPMHUPOBAHHOTO COTIACHS M YMEHBIIAIOT TPEBOKHOCTD.

HoBu3Ha noaxona 3akiodaercs B pacCMOTpEeHUH o0bsicHUMocTH cucteM MU
KaK TOYKH B3aHMMOJEHCTBHUSI TpeX CTOpoH. /i Bpaua oOBSICHUMOCTH — 3TO WH-
CTPYMEHT NpO(ecCHOHAIFHONH OTBETCTBEHHOCTH U MPOBEPKH KOPPEKTHOCTH aJro-
puT™MOB. J[)s manuenTa — rapaHTUsl MPO3PAYHOCTH W YYacCTHsl B MPUHSATHH peliie-
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HUH, yKpemsiomas IoBepue K MeAMIUHCKON cucreme. s paspaborumka —
YCJIOBHE YCIEIIHOTO BHEIPEHUSI TEXHOJIOTHUI M COOTBETCTBUS HOPMATUBHBIM TpE-
OoBaHusAM. Takoil MEKIAUCHUTUTMHAPHBIA B3TISAA (QOPMHUPYET «3aMKHYTBIA ITUKI
B3anMopencTBus». MM — o0bsicHeHne — Bpad — MalueHT — o0paTHas CBA3b —
nopaboTka cuctembl. KpoMe TOro, 00bSICHUMOCTD CIIOCOOCTBYET BEISBICHHUIO CH-
CTEMHBIX OIMMOOK M TPEAB3SITOCTEH B AITOPUTMAaxX, YTO KPUTHUECKH BAXKHO IS
CIIPaBEJIMBOCTH U OE€30MACHOCTH MEAUIIMHCKON TTOMOIIIH.

3akawuenne. O0bsicauMblii U B MeauniHE BBIXOTUT 32 PaAMKH TEXHHUYE-
CKOM 3aJlaq¥l ¥ CTAHOBUTCS OCHOBOM JOBepHs, 0€30MaCHOCTH U dTUKH. TakuMm 00-
pa3oMm, 00bscHUMBINH M CTaHOBUTCS CBSA3YIOIIMM 3BEHOM B DKOCHCTEME «Bpady —
MaIeHT — Pa3pad0TINK», 00ecTedrBas OTBETCTBEHHOE IIPUMEHEHHE TEXHOJIOTHH
B 3/IpAaBOOXpaHEHUH.

CruUCcoK UCTOYHUKOB

[1] Kapnoe O.3., Aunpukos [[.A., Makcumenko B.A., XpamoB A.E. OOBbsICHUMBIN HCKYCCTBEHHbIN
MHTEIUICKT JJISI MEIUIMHBL. Bpau u ungpopmayuonnvie mexnonoeuu, 2022, Ne 2, c. 4-11.

[2] 1lesckas H.B. OOBSICHUMBINA HCKYCCTBEHHBIN MHTEIUICKT U METO/IbI MHTEPIPETAIIUH PE3yIbTa-
toB. Modeling, Optimization and Information Technology, 2021, Ne 33 (2).
https://doi.org/10.26102/2310-6018/2021.33.2.024

[3] Hcakos A.O., I'ycaposa H.®., JTobpensko [I.A., Tony6eB A.A. OGBSCHHUMOCTD MOBEICHHS
areHToB B CHCTeMax IOUIEPKKU MPUHSTHsI BpaueOHbIX pemienuii. Economics Law Innovation,
2024, Ne 4, ¢. 50-59. https://doi.org/10.17586/2713-1874-2024-4-50-59

[4] Doshi-Velez F., Kim B. Towards A Rigorous Science of Interpretable Machine Learning. arXiv
preprint arXiv:1702.08608, 2017. https://doi.org/10.48550/arXiv.1702.08608

[5] Samek W., Montavon G., Vedaldi A., Hansen L.K., Miller K.R. Explainable Al: Interpreting,
Explaining and Visualizing Deep Learning. Springer, 2019.



200 Pycckuli uHxxeHep: Il MexxdyHapoOHbil koHzpecc. Mockea, 29 -3 1 okmsbps 2025 2.

Y[IK 528.91

MocTpoeHune unpoBoOI KapTbl MUTPALMOHHbBIX NyTEN rOop6aTbhiX KUTOB

BoeHHbI Hukuta AHapeesny voennyyyna@student.bmstu.ru
® domracheva@bmstu.ru
SPIN-kopn: 8196-4254

HNompauesa AHHa bopucoBHa

MITY um. H.3. baymaHa, Mockea, Poccus

Annomayun. Onucan nooxo0 K HOCMPOEHUIO YUPPOBOU KaApmvl MUSPAYUOHHBIX nymetl
20pbamulix KUMO8, UHMEeZPUPOBAHbL OAHHblEe O PESUCTPAYUY JOKAYULI KUMO8 3a NOCiedHee
Odecsimunemue u3 08yX OMKPbIMbIX UCTHOYHUKOS, pa3pabomana npozpamma 0is nocmpoe-
HUSL MUSDAYUOHHO20 NYMU KOHKPEMHbIX 0COOel 20p6amplx KUnog Ha yupposou kapme.

Knruesvie cnosa:. yugposas kapma, MuepayuoHuvle nymu, nPOCMpaHCMEeHHO-8PEeMEHHO
AHAIU3 OAHHBIX

BBenenue. ['100abHBIM TPEHIOM MOCIEAHUX JIET cTaia nudpoBuzanus padbodnx
MPOIIECCOB U JIAHHBIX B chepe eCTeCTBEHHBIX HAyK. BobIIoil 00beM JTaHHbBIX, Tpe-
Oyrommii yrmopsiioueHusl ¥ aHajan3a, HaKOIUICH U B O0OJAacTH COXpaHEHHs Ouopas-
HOOOpa3us MUPOBOTO OKEaHa, B YACTHOCTH, KUTOOOPa3HBIX.

C 1986 roga MexmyHapoaHas KHTOOOWHAas KOMHCCHs BBeJia B JICHCTBUE MO-
paropuii Ha MOOBIYY KHUTOB B pe3yibraTe (HakTHUECKOro HUCTpeOIeHus: Gombiieit
YacTU BHUJIOB 3THX JKUBOTHBIX B cepenuHe XX Beka. B Hacrosiee BpeMsi OrpaHu-
YEeHHBIE KBOTHI Ha OTJIOB KHTOB TOJY4YaIOT JIMIIb YETHIPE CTPAHbI, CPEAN KOTOPBIX
u Poccuiickass ®enepauns. B nHamell crpane aOopureHHBI NpPOMBICET BEACTCS
B UyKOTCKOM ABTOHOMHOM OKpYTE, B CBSI3H C YeM, YUYCHBIMU OHOJIOTHYECKOTO (ha-
kyasTeTta MI'Y um. M.B. JlomonocoBa B nepuon ¢ 2017 o 2023 rox ObLI cocTas-
aeH Oymaxubiii Katasgor [1]. Kpome Toro, B OTKpPBITOM JOCTYIIE HAXOIUTCS BCE-
mupHas 6a3a manueix HappyWhale [2]. Wurerpaims 3THX JaHHBIX B OJHOI
reorpaduyeckoii ”HGOPMALMOHHON CHCTEME MO3BOIMIA OBl HE TOJIBKO HAOII0IAThH
3a MUTpanuedl KOHKPETHBIX 0coOed TopOaThiX KUTOB, OTMEUYCHHBIX OTEUECTBEH-
HBIMH HcciefioBatensiMd B [1], HO M TPOBOAUTH MPOCTPAHCTBEHHO-BPEMEHHOI
aHaNM3 JIAaHHBIX C IeNTbI0 U3YYCHUsI MOBEJCHUS ropOaThIX KATOB B OMPEICICHHBIX
YCIIOBHUSX.

MeToabl U MaTepuaJibl, Pe3yJabTaThl. B pamMkax MpeacTaBICHHOW PabOThI
KOOPJIMHATHI TOUEK TOSBICHUS TOPOATHIX KUTOB C YKa3aHHEM JaThl U BPEMEHH pe-
TUCTpaluK CHUMKOB u3 [1, 2] 6butn coxpaHneHbl B 0a3e manHbix SQLite s mocre-
Iyrolei 00paboTKH.

IIporpammMHuoe obecrieyenue HamucaHo Ha s3bike Python. Jlins mpocrpancTeen-
HOW 00pabOTKU JaHHBIX TpHMeHsUchL oubmrorekn GeoPandas u Shapely, xpane-
HHE ¥ yIIPaBJICHUE UCXOTHBIMU IAHHBIMHU OCYIIECTRIISUIOCH C TIOMOIIBIO OUOTHOTEKH
SQLite3, BoiBOa pe3ynsTatoB — Oubmmorekn Folium u Plotly. Pemena mpo6iema
paspbiBa MUTPAIIMOHHOTO MYTH TPH TepeMenieHn ocobu uepe3 180-if Mepuanan
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3a CYET MPENCTABIEHUs KapThl B (hopMaTe «riio0yc» WM yceueHHbIH e [3].
Ha ocHOBe MOIy4YeHHBIX JaHHBIX MMOCTPOCHBI B BHJIC HU(DPOBON KapThl MapIIPyThI
OTJEIBHBIX OCOOCH C yYeTOM XPOHOJIOTMHM PETHUCTPAIMH H300pa)KCHUH KHUTOB.
[Tpumep MUTPaAIMOHHOTO MYTH KOHKPETHON ocobu 0e3 apredakToB mepecedeHuit
CyIlIH NIPUBEICH HA PUCYHKE.

MocTpoeHne MUrPALMOHHOIO MYTH KKTa C Nepexofom yepes 180- MepuavaH

3akaiouenne. [lpumenenne nudpoBoi KapThl MUTPAITUN TOPOATHIX KUTOB OT-
KpBIBa€T HOBBIE BO3MOXKHOCTH U MccienoBaTenel. HanoxxeHue MUrpanyoHHBIX
nyTeil Ha apyrue ciou HUGPOBBIX KapT (KapThl 3arps3HEHHUH, CHHONITHYECKUE Kap-
ThI) O3BOJIUT aHAJTM3UPOBATH MIOBEICHUE KOHKPETHOW 0COOH B CBSI3U C N3MCHEHH-
€M YCIIOBHI OKpyskatomei cpensl. [IpenmyinecTBaMu Takux KapT ABISIOTCA (QyHK-
U JAWHAMHYECKOTO W3MEHEHHS NpY TOCTYIUICHHH HOBBIX JAaHHBIX, a TaKkKe
(GYHKUMS pacIIMpeHHs UX Ha BCIO aKBaTOpHI0O MHpOBOro okeaHa, yem oOecreyu-
BaeTCs PeLICHUE 3ajay, CBSI3aHHBIX KaK ¢ 0XpaHOW rop0aToro u APyrux BUAOB KU-
TOB, TaK U COXpaHEHHEM abOPUIE€HHOTO MPOMBICHA, )KU3HEHHO BAXKHOTO I psijia
stHOocoB Poccuu.
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Annomayusn. B cmamve npeocmasnen 0630p ysazeumocmetl B 6 poccutickux cucmemax
UU. Ananuz nposeden Ha 0CHO8e KOMMIEKCHOU Modenu yepo3 kubepbesonacnocmu MU
om Coepbanka, oxeamvlisaroujeli eco HcusHeHublll yukn cucmemsl. Cucmemamusuposa-
Hbl KIIOYeble PUCKU: Ya3eumocmu OPen-source xomnonenmog (cxpvimovie 3aKAaOKU,
biased-oannvie) u necoomeemcmsue peeynrsimopuvim mpebosanusm. Chopmyruposarvl
npakmuyecKkue NpeodsiodceHus no 3awume, 6KIOUAS GHeOpeHUue cucmem Quibmpayuu
NPOMNMOB U OMeYeCMBEeHHbIX Kpunmoepaguueckux cmanoapmos. Pezyromamsr noo-
meepacoarom 3¢ exmusHocms KOMNIEKCHBIX Mooeneli Y2po3 0/ NPOAKMUBHO20 Bblis-
JleHUs yA38uMocmell.

Knrouesvie cnosa. uckyccmeeHnvlll uHMeNLeKm, UHGOPMAYUOHHASE ODE30NACHOCHb, MOOEb
yepo3, pe2yisimopHle mpedo8anust, ayoum UHGOPMAYUOHHOU Oe30NACHOCMU, JHCUSHEHHDLU
yuxn UU

Beenenue. Kubepoesomacnocts M, akTHBHO BHEAPSEMOTO B KPUTUICCKH BaYKHBIC
cdepsr Poccun, sBnsieTcss BOMPOCOM HAMOHAILHOU Oe3omacHoCT. OTeuecTBEHHbBIS
pa3paboTKH ySI3BUMBI W3-3a MCMOJIh30BAaHM UMIIOPTHOTO OPEN-SOUrCE Kojia U Heco-
OTBETCTBHUS CTPOTHM CTaHIapTaM. B cTaTbe MpOBOAUTCS KOMILICKCHBIM aHAU3 Ys3-
BUMOCTEH Ha OCHOBE Mozenu yrpo3 CoOepbaHka, Ieapi0 KOTOPOTO SBISETCS CHUCTE-
MaTH3aIUs PUCKOB B (HOPMYIUPOBAHNE TPAKTUICCKIX PEKOMEHIANNIN TI0 3aIluTe.

Metoabl 1 MaTepHAaJbl; pe3yJbTAThl. J[1s KOMIJIEKCHOTO aHAU3a ysI3BUMO-
creit poccuiickux cucteM MU Obiia mpumenena «Mogenb yrpos st knbepoesormac-
Hoctu Al» C6epbanka, 0XBaThIBaOIIAsl BCE 3TAbl X KU3HEHHOTO LUKIA. MeTo1o-
JIOTHSI MCCIENOBaHMA BKJIOYANa CUCTEMHBIM M CpaBHUTEIBHBIM aHaIU3, YTO
TIO3BOJIMIIO paccMarpuBarh MI-cucreMy Kak IEJIOCTHBIN KOMIUIEKC U BBISIBIIITH 3HA-
yuMble pucki [1, 2]. B pesynbrate ObIi CHCTEMATH3UPOBAHBI YTPO3bI OE30MACHOCTH,
KJIaCCU(HIIMPOBAHHBIE IO dTallaM JKM3HEHHOTO IWKJIa M OOBEKTaM BO3ICHCTBHI.
Ha ocHOBe npoOBEJICHHOTO aHajM3a METOAOM CHHTE3a C(HOPMYIMPOBAHBI MPAKTHYC-
CKUE TPEAJIOXKEHUS MO YCWICHHUIO 3allUThL. JlaHHBIC PEKOMEHIAlUMK HAaIlpaBlICHBI
Ha HABEJIMPOBAHNE HAN0O0JIEE aKTyaTbHBIX JIJIST POCCHHCKOTO KOHTEKCTA PUCKOB.
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Amnanu3 Ha ocHoBe Mojenn COepbanka BbIsIBUII cieln(UUECKUEe BEKTOPHI aTak
poccuiickux cucteM MU, BeIXOzsImue 3a paMKd TpaAULMOHHBIX yrpo3. Cuctema-
TU3UPOBAHBl PUCKM Ha BCEX dTanax >KU3HEHHOTO IMCKa, KIOUEBBIM M3 KOTOPBIX
SIBJISIETCSI 3aBICUMOCTh OT MMIIOPTHOTO OPen-source koma. Ocoboe BHUMaHUE yie-
JIEHO yrpo3aM HH(GOPMaLHMOHHO-TICUXOJIOTHYECKOT0 BO3AEHCTBUS M KAaCKaJIHOMY
addexty ys3BUMOcTed. Pe3ympTaThl HMcciemoBaHHS IEeMOHCTPUPYIOT HEOOXOIu-
MOCTh aJanTallid METOIUK 3aIUThl K POCCHUCKUM peanusM. [loyueHHbIe BBIBO-
Jbl UMEIOT MPAKTUYECKYI0 LIEHHOCTH Isi (OPMUPOBAHUSI HAIMOHAJBHBIX CTparte-
Uil 1 HOPMAaTHBHBIX TpeboBanmii k O6e3onmacHoctu MU [3-8].

3akiouenue. VcciaenoBanne NOATBEPKAAET KPUTHUECKYIO BaXKHOCTh KHOEp-
6e3onacHocTu poccuiickux cucteM MU g HanuoHanbHOH O6e30nmacHOCTH, TpeOyst
CHECIUATN3UPOBAHHBIX [OJIXO/I0B, OXBATHIBAIONINX BECh HMX JKM3HEHHBIH LIUKI.
KitoueBbIMU prcKamMu MIPU3HAHBI 3aBUCHMOCTH OT MMIIOPTHOTO OPEN-SOUrce xoaa
1 HEOOXOJUMOCTD aJ[alTaIlii MEXIyHapOJAHBIX CTaHIapTOB. [IpakTHuecKkue peko-
MEHJAIMK BKJIOYAIOT pa3pabOTKy HAIMOHAIBHBIX CTaHAAPTOB, YCWJIEHHE KOH-
TPOJISL LIETIOUEK ITOCTAaBOK M PAa3BUTUE CUCTEM MOHHMTOpHUHra. JlanpHeiiue uccie-
JOBaHUSI TOJDKHBI OBITH COCPEOTOUYCHBI Ha Pa3pab0TKe KOHKPETHBIX TEXHUYECKUX
peLIeHNH ATl yCTpaHEeHUs BBIBICHHBIX yrpo3. Peanu3anus KOMIIEKCHOTO MOAXO-
na obecrieunt 6e3omacHoe passutie UM B PO.
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Annomayusn. Hcceneooganue nocesiyeHo noOCMpoeHuio adanmueHblx cucmem 06e30nacHo-
CMU HA OCHOBe UHMEZPAYUU 2eMepPOSeHHbIX KOHMEKCMHbIX OanHblX. Llenmpanvhas npo-
bnema — oyenka d¢hPexmusHOCmuU MAUWUHHO20 00YYeHUs 0N MUHUMUSAYUU HEeCAHKYUO-
HUPOBAHHO20 O0CMYNA NPU COXPAHeHUu yoobcmea OJisi AeSUMUMHBIX NOb308AMeIlel.
Takorce paccmompenvl NPAKMULECKUE ACNEKMbl 6HEOPEHUS, BKIIOHAS NPOOIEMY TONCHBIX
cpabamvieanull u nepcnekmugvl Kouyenyuu <Henpepvisnozo adanmuenozo 006epusi»
(Continuous Adaptive Trust).

Knroueswie cnosa. aoanmusnas aymenmugpuxayusi, ynpasienue 00Cmynom Ha OCHO8e PUCKOB,
KOHMEKCMHO-3068UCUMASL 6E30NACHOCb, NOBEOEHYECKAsl OUOMempPUsL, MaWUHHOEe 00YYeHue

Beenenue. I{udposas Tpanchopmanust u ruOpugHbid dopmar paboThl AETaroT
TpaJULMOHHBIE METOABI ayTeHTH(UKAMH Ys3BUMBIMU. B oTBeT Ha 3TO0 popmupy-
eTCs TPEH/I TTepexo/ia K aIalTUBHBIM CHCTeMaM, KOTOphIe obecriednBaroT Oe3omac-
HOCTb Ha OCHOBE HETPEPHIBHON OILIEHKH PUCKOB. B MX OCHOBE JI€KUT MCIIOJIb30Ba-
HUE TIOBEJICHYECKOH OMOMETpPHH, MAITUHHOTO OOYYEHHUS W aHaIN3a KOHTEKCTHBIX
naHHbIX [1-3].

Metoapl U MaTepuaJbl; pe3yJbTaThl. Ha ocHOBe aHann3a HaAy4YHBIX TPYAOB
WCCIIEZIOBAaHbI MIPUHILIUIIBI TOCTPOSHHUS] TUHAMHYECKUX CUCTeM Oe3omacHocTu. Pac-
CMOTpEHa MHTErpalus KOHTEKCTHBIX JAHHBIX M MAaIIMHHOTO O0Y4YeHMs AJIs peau-
3alUd alanTUBHON ayTeHTU(HUKAINH, PUCK-OPHEHTUPOBAHHOTO YIIPABICHUS U HE-
npepbIBHOM Bepudukanun. Ocoboe BHUIMAHHUE YACICHO MPAKTUICCKIM aCTICKTaM:
NPUMEHEHUIO OMOMETPHH M CHIKEHHIO JIOKHBIX cpadaTeiBaHuii [4—7].

CpaBHUTENbHBIH aHAIM3 IOATBEP)KIAET MEPCHEKTUBHOCTH HCITOJIB30BAHUS
MaIIMHHOTO 00yUYeHHsI M KOHTEKCTHBIX JaHHBIX AJIS MOCTPOCHHUS aJlaliTUBHBIX CH-
crem Oe3zomacHocTH. KirtoueBoit mpoOieMoii mX BHEIpPEHHUS OCTaeTCs BBICOKHI
YPOBEHb JIOKHBIX cpabaThIBaHUH, TpeOyOMUN pa3pabOTKH MEXaHU3MOB OaaHCH-
poBku [4, 5, 7]. AnanTUBHBIC CUCTEMbI, OCHOBAaHHBIC Ha TIOCTOSIHHOM OILIEHKE IO-
BEJICHHUS U KOHTEKCTa, (OPMUPYIOT HOBBIA CTaHAapT Oe3omacHocTu. VX pazButhe
CBSI3aHO C UHTETpalueil TOBEPUTEIBHBIX METPUK, JUHAMUYECKON HACTPOMKOHU IO-
POTOB M 3aIlIUTOM IPUBATHOCTH JAHHLIX [8].
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CoBpemeHHas1 6e30macHOCTh TpeOyeT mepexona OT CTaTUYEeCKOW ayTeHTHdu-
KallMd K aJanTHBHBIM CHUCTEMaM, WCIOJb3YIOIIUM IMOBEACHYCCKYI0 OMOMETPHIO.
OpHAKO 3T CHCTEMBI CTAJIKUBAIOTCS C MPOOJIEMaMH JIOKHBIX cpabaThIBaHHUM, BbI-
COKHMX BBIYMCIIUTENBHBIX 3aTPaT U PUCKOB IPU 00pabOTKE JaHHBIX.

OCHOBHBIE BBI30BBI [UI aJalTUBHBIX CHCTEM — 3TO MOCTENIEHHOE N3MEHEHUE
[IOBEJICHUS TI0JIb30BATENIEel M IIeJieBble aTakW, 4yTo TpedyeT 0ojee COBEPIIEHHBIX
MEXaHU3MOB CaMOKaINOpOBKH. KpuTnueckn BaxkeH W OajaHc MeXIy Oe30IacHo-
CTBIO, IPUBATHOCTBIO M yA0OCTBOM. [lepcreKTHBBI pa3BUTHUS CBSI3aHBI C KOHLIEIH-
LUEH «HENPEPBIBHOIO aJalTUBHOTO JOBEPUS», KOTOPAsI HHTETPUPYET TEXHUYECKUE
PELLIEHHUS C PETYIATOPHBIMU HOPMaMH.

3akioyenue. VccneoBanue MmokaspiBaeT Iepexo] K HOBOM Hapaaurme WH-
¢dopmamoHHON ©0€30MacHOCTH, OCHOBAaHHOW Ha aJaNTHBHOM ayTeHTH(UKAIH
U PUCK-OPUEHTHPOBAaHHOM yrpaBieHuH. KiroueBoe mpenmMymiecTBO — HWHTErpa-
Ot IMOBCACHYCCKNX W KOHTCKCTHBIX (I)aKTOpOB IJ11 CHUKCHUA PUCKOB, OIHAKO
npoOJIeMoil OCTaroTCsl JIOKHBIE cpabaTbiBaHus. [lepcrneKTHBBI Pa3BUTHSI CBS3aHEI
C CO3/aHMEM AapXUTEKTyp AWHAMHUYECKOTO IOBEpUS M MHUHUMM3aLUEil OIIMOOK.
I[a.]'[bHCfIHIHC yCuinga AOJIKHBL 6I)ITI) COCPEAOTOUCHBI Ha IMOBLIICHHUU yCTOfI‘-IHBO-
CTH K aTaKaM, ONTHMH3AIMK HarPy3KH U CO3JaHMH MPO3PAuHBIX MOJEINEH.
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Annomayus. Paccmompenvi cospemennvie nooxoovl K pasgumuio KOSHUMUSHBIX aApXu-
MeKmyp ¢ y4emom MexaHu3mo8 Memano3Hanus u npoeHo3uposauus nocreocmeuil. Iloxa-
3aHO, YUmo 00basieHue 8 apXUmeKmypy MemakoSHUMUGHO20 YPOGHI obecneyusaem camo-
peaynayulo U A0ANMUBHOCMb — CUCHEM — UCKYCCmBenHo20 —unmennekma. Ilposeden
CPAGHUMENbHBII AHAU3 3APYOEICHBIX U POCCUTICKUX UCCIEO08AHUIL, a MAKICE BbIABNIEHbI
Kl04esble 02PaHUdeHus cywecmsyiowux pewenuil. Ilpednooicensvt npunyunsl noCmpoenus
KOZHUMUBHBIX APXUMEKMYP, KOMopble OPUEHMUPOBAHbL HA PedeKCUlo.

Kniouesvie cnosa. xocHumueHvle apXumexkmypbol, MEMAno3Hauue, pepexcus, npocHo3upo-
8amue, UCKYCCMBEHHbII UHMeNNeKm

Beenenue. KorHUTHBHBIC apXUTEKTYPbl IPUMEHSIOTCS 17151 MOACIUPOBAHUS MaMsi-
TH, paccyXJeHHH U OOy4YeHHs, OJHAKO OCTAIOTCS OTPaHWYCHHBIMH TIpH padoTe
B JMHAMHUYECKUX M HEONPEICICHHBIX YyCIOBUAX. B Kiaccuuecknx cucremax, Takux
kak ACT-R u SOAR, oTCyTCTBYeT SIBHBI YpOBEHb Pe(ICKCHH, YTO CHIDKACT UX
aJIalITUBHOCTH B IMHAMUYECKH U3MEHsieMoii cpene [1].

3apyOeKHble HCCIICAOBAHMS IIOKA3bIBAIOT, YTO PACLIMPEHHE KOTHUTHBHBIX
MoJenei 3a cueT A00aBICHUS METaypOBHS IMO3BOJSIET CHCTEMaM HE TOJIBKO BBI-
NOJHATH pa3lWYHbIe 33Ja4M, HO U aHAIM3MPOBaTh COOCTBEHHbIE AelcTBusi. Poc-
cHiicKHe paOoThl TAKXKE MOTICPKUBAIOT 3HAYMMOCTh METAKOTHUTHBHBIX MTPOIIECCOB
YeJI0BeKa, JAEMOHCTPUPYS pocT 3(G(GEKTHBHOCTH MPU HCIONB30BAaHUU CTPATETHH
camokoHTpoiist [2, 3]. CienoBarenbHO, PpH pa3pabOTKe KOTHUTHBHBIX apXUTEKTYP
Ba)KHO JIeNIaTh UX pa0OTy MOXO0Kel Ha paboTy Yel0OBEeYECKOTO MO3Ta.

Metoapl 1 MaTepuasbl; pe3yJbTaTbl. AHAIUTHYECKUI 0030p MoKasaj, 4To
CHUMBOJIMYECKUE aPXUTEKTYPhl 00ECIIEYMBAIOT JIOTHYECKYIO CTPOTOCTh, HO OTPaHu-
4yeHbl B 00yueHuu. ['ubpuaneie cuctemsl, Takue kak CLARION, neMoHCTpUpYIOT
aJanTUBHOCTh, OJHAKO UX BHYTPEHHME IIPOLIECCHl HENPO3PAUHbl, U CUCTEMA Hallo-
MHHAET YepHbIi AmuK [1]. APXUTEKTYphl C METAaKOTHUTHBHBIM YPOBHEM, TaKHe
kak MIDCA u MCL, BKIIOYalOT MEXaHU3Mbl MOHHTOPMHIAa M KOPPEKLUUH, HO
(GYHKIUH TPOTHO3UPOBAHUS MTOCIIEICTBHI B HUX Pa3BUTHI CJIA00.

B poccuiickux HcclieIoBaHHSAX MOKa3aHO, YTO METaKOTHUTHBHBIA KOHTPOJb
MOBBIIIAET YCTOMYMBOCTh KOTHUTUBHBIX IPOLIECCOB B YCIIOBUSAX HEONpPENEIECHHO-
ctu [3]. B pa3snuyHbIX SKCIIEPUMEHTAX BBISBICHO, YTO Pa3BUTHE METAKOTHUTHB-
HBIX CHOCOOHOCTEH TMOJIOKUTEIBHO BIMAET HA IIyOWHY YCBOCHHS 3HAaHUH U CTpa-
Terudeckoe ruianupoBanue [2]. COOTBETCTBEHHO, €CIIM NMPUMEHHTh 3TH METOJbI
npu pa3paboTKe KOTHUTHBHBIX apXHUTEKTYp, TO 3(PQPEKTHBHOCTH TaKHX CHCTEM
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JIOJDKHA TIOBBICUTBCA. A UX CTpYyKTypa OyZeT IOX0)Ka Ha CTPYKTYPY UYeJIOBEUECKO-
ro mosra. B Tabnmie mpeacraBieH CpaBHHUTENBHBIN aHAU3 KOTHUTHBHBIX apXu-

TEKTYDP.
CpaBHHUTeIbHBII AHAJIN3 KOTHUTHUBHBIX APXUTEKTYP
IMoanepxka IIporno3upoBanue no- IIpo3paunocTs

ApXHUTEKTypa JV1ep P P o po3p "

MeTano3HaHUs cJIe/ICTBHIi peleHui
SOAR HesBHas (4epe3 npaBuia) OtcyTcTBYeT Beicokas
ACT-R YactuuHasi, orpaHUYeHHas OtcyTcTBYeT Cpennss
CLARION YacTuuHO peann3oBaHa OrpanuyeHHOE Huskas
MIDCA SIBHas (METAIMKII) YacTHYHO pearn30BaHO Cpenmsist
MCL SIBHast (METaKOHTPOJIB) YacTU4IHO peann30BaHO Cpenuss

3akmouenne. VHTerpanyus MeXaHU3MOB METAlO3HAHUS M MPOTHO3UPOBAHUS
MOCJIEACTBUN B KOTHUTHBHBIE ApXUTEKTYpPbl SIBISIETCS BAXKHBIM HAlpaBJICHUEM
pa3BUTUS UCKYCCTBEHHOIO HHTEJIEKTa. Takue cHCTeMBl CIIOCOOHBI HE TOJBKO
aJanTHPOBATHCS K M3MEHSIOIIMMCS YCIOBHUSIM, HO M 00ecreYnBaTh CaMoOperyJs-
UI0 cBOel paboThl. Pediekcusi B KOTHUTUBHBIX apXUTEKTYPax OTKPHIBAET HOBEIC
BO3MOXKHOCTH JJIsl IPUMEHEHHUS TAKMX CHCTEM B 00pa30BaHHUM, HHTEJICKTYalIbHBIX
ITOMOIIIHUKAX U KPUTHUECKHU BAXKHBIX CUCTEMAX NOIJAEPIKKHU NPUHATHS PEILICHUMN.

CnuUcoK UCTOYHUKOB

[1] Sun R. Cognition and Multi-Agent Interaction. From Cognitive Modeling to Social Simulation.
New Y ork, Cambridge University Press, 2005, 450 p.
[2] Kpoxkonesa C.C. Pojib METaKOTHUTHBHBIX CIIOCOOHOCTEH B 3()(hEKTUBHOCTH YCBOCHHUS yIEOHOTO
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Annomayusn. Paccmompena npobiema ocrabnenusi paouocusHald 6 Kawaie YnpaeieHus
npU MOHUMOPUH2E JIECHBIX NOACAPO8 8 YCIIOGUSX IECHO20 MACCUBA C UCNOAb308AHUEM TeX-
nonozuu LORa. [lpedcmasnen ananus pazmuuHsix mMooenell paciema nomepb pacnpocmpa-
HeHusi paduoBoH 6 pacmumenvhocmu, gxaodas mooeimu MCI-P.833, nokazamenvhyto mo-
derv, MED u COST 235. [loxazano, umo Hamuuue JecHO20 MAccugd npusooum
K 3HAYUMENbHOMY OONOIHUMENbHOMY 3AMYXAHUIO CUSHALA, YO KPUMUYECKU 02PAHUYUBA-
em oanvbHocmob yemouuueou cesasu. Coenanvl 8b1600bl 0 HEOOXOOUMOCIU Yuema Muna pac-
MUMENbHOCMU, CE30HHOCMU U 2e0MEMPUU PAOUOMPACCHL NPU NIAHUPOBAHUU NOJEMO8 0I5t
obecneuenus mpebdyemol 6epoIMHOCMU OUMOBOU OWUOKUL.

Knroueswie cnosea: paouoxanan, bumosas owmubkra, nomepu paouoCusHald, 1eCHOU MAcCus,
LoRa

Beenenue. [Ipumenenne yJjaneHHO YIPaBIIEMbIX CUCTEM IS MOHUTOPUHTA Jiec-
HBIX TI0’KapOB SBJSIETCS TEPCIEKTUBHBIM HarpaBiieHueM. Oxaako 3¢ pexTHBHOCTH
MX HMCIOJB30BaHMS B 3HAUUTEIBHON CTENEHH OrpaHWYeHa AajJbHOCTBIO M HaIexK-
HOCTBIO paJiiOKaHaIa YIPaBICHUS U Mepellaud TaHHBIX. PacCTUTEIBHOCTH, 0COOCH-
HO B T'YCTBIX JIECHBIX MacCHBaX, BHOCHUT CYIIECTBEHHOE JIOTIOJIHUTEIbHOE 3aTyXa-
HUE PaJIMOCUTHANA, YTO MOXKET MPUBECTH K MOTEPE CBSI3U. AKTYaIILHOCTh PabOTHI
o0ycIoBiIeHa HEOOXOIUMOCTBIO Pa3padOTKA METOAOB OLIEHKH YCTOMYMBOCTH pa-
JUOKaHalla B TakuX YCJIOoBUsX. Llenblo mccienoBanus SIBISCTCS OLEHKA BIUSHUS
JIECHOTO MacCHhBa Ha OCJIa0JICHUE PAJMOCHTHANA W OMNpPEJCIICHUE TMpeaeIbHON
aTHPHOCTH YTIPABICHUS C HUCIOJb30BaHWeM Monayied LORa, obecmeunBaromieit
TpedyeMoe KaueCTBO CBSI3H.

MeTtoap1 M MaTepuaibl, pe3ybTaThl. B kauecTBe 00beKTa HCCIeIOBaHUS pac-
CMaTPUBAJICS paJMOKaHAT MEXIy HA3eMHBIM MYHKTOM YIPaBJICHUS U JIETaTellb-
HBIM amapaToM, OCHAIIEHHbIM MonyJieM LORa, paboTaromuM B auana3oHe 4acToT
850-930 MTI'u. Beicota aHTeHHBI TTyHKTa YIpaBieHus1 cocTaBisuia 1,5 M, BbIcoTa
nonera — 100 M. JlecHoii MaccuB MOAETHPOBaICS Kak OJHOPOAHBIM, COCTOSIIUI
U3 XBOMHEBIX mopof (keap) cpenmueit BeicoToii 20 M. JIJIs OIEHKM IOTEPH PacIipo-
CTpaHEHUs! CUTHaa ObUTM MPOaHaJM3MPOBAaHBl HECKOJILKO MOJIENICH: peKoMeH a-
st MCD-P.833 (B Tpex moaupukaiusx), mokasareibHas Moaenb, Moaeas MED
u monenb COST 235 [1-3]. Mozenu y4uThIBajdd Takue mapaMeTphl, Kak 4acToTa,
paccTosiHie, TPOXOJMMOE CHTHAJIOM B JIeCy, THII PAacTHTEIBHOCTH, CE30H roja
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U yroJl MecTa paJuoIMHUM. AHAINU3 NI0OKa3aj, YTO JONOJIHUTENIbHbBIE IOTEPU U3-3a
PacTUTEIBHOCTH MOTYT JOCTHTaTh 3HAYUTEIIbHBIX BEIHYHMH, BAPBUPYACH OT JIECST-
KOB JIO COTEH JeluOeNn B 3aBUCHMOCTH OT HCIOJIB3yeMOH MOZETH U YCIOBUH.
Hapxynmuii cueHapuii, MOJIY4YEHHBIM MO MOKA3aTEIbHOM MOJAEIU JUIsl XBOWHOIO
neca, ObUT NPUHAT VI JalbHeHIMX pacueToB. Ha ero ocHoBe Oblia olieHeHa CyM-
MapHas BeJIM4YHMHA MOTEeph B paauokanaine. s obGecrnedeHus: TpeGyeMoro OTHO-
IICHNS CUTHAJ-IIIYM M BEPOSTHOCTH OUTOBON ommOKy He Xyxe 107v ? 6b110 ompe-
JIeJICHO KPUTHUYECKOE 3HAUCHHE YIila MECTa PaJHoNIMHUM. PacyeTsl mokasaiu, 4To
IpU PacIONIOKEHUH MYHKTa yNpaBlICHHUS HEMOCPEICTBEHHO B JIECY MpelesibHas
JABHOCTh yCTOHUMBOW cBsi3u Ha BbicoTe 100 M He mpeBblmaer 242 meTpa, MpH
9TOM JUIMHA y4YacTKa TPacChl, MPOXOAALIETO Yepes3 JIEC, COCTABISAET OKOIo 45,5 M.
Taxoke OblIa MPOBEACHA OLICHKA BEPOSITHOCTHO-BPEMEHHBIX XapaKTEPUCTUK Iepe-
Jlauyl MaKeTa JaHHBIX B MpOToKoje LORa, yuuTsiBatonas CTpyKTypy Kajupa, mome-
XOYCTOHYHMBOE KOJMPOBAHUE U BpeMs nepeaauu [2, 3].

3akmouenne. [IpoBesicHHOE HCCIIEIOBaHUE, BBIMOJHEHHOE B paMKax Tocy-
JTapCTBEHHOTO 3agaHusi MUHHCTEPCTBA HAyKH M BhICIIEro odpazoBanus Poccwuii-
ckoit Deneparu (tema No FSFN-2024-0073), 1eMOHCTPHPYET CYyMIECTBEHHOE
BJIMSIHUE JIECHOT'O MaccHBa Ha OCiallieHHe paJloCUTHala B KaHaie yIpaBJICHHS,
ucnose3ytomeM TexHoioruto LoRa. IlomyueHHble pe3ynbTaThl CBHACTEIbCTBYIOT
0 TOM, YTO JJisi oOecrievYeHUs] HaJeKHOW CBSI3W NpPU MPOBEICHHH MOHHUTOPHHTA
B JIECHBIX YCJIOBHUSIX HEOOXOANMO THIATENILHO MJIAHUPOBATH PACIIOIOKEHNE HA3EM-
HOI'O IIYHKTa yNpPaBJICHUS U TPACKTOPUIO IOJIETa, YUUTHIBAs NPEAETIbHO IOMyCTH-
MYI0 JalbHOCTB, ONpENCIIeMYI0 PacTHUTEIBHOCThI0. Hambomnblliee orpaHuveHue
BO3HMKAET MIPU PACIIONOKEHUH MyHKTa yNpaBieHUs1 BHYTPH Jieca. Mcnoabp3oBaHue
paccMOTPEHHBIX MOeJel IMO3BOJSET aJeKBAaTHO OICHUTH OXHJAeMble IMOTEPH
U CIPOEKTUPOBATH CUCTEMY CBS3H C TpeOyeMBIMHU XapakTepucTukamu. [lomyuen-
HBI€ BBIBOJBI MOTYT OBITh NIPUMEHEHbI IPU OPraHU3alK PadoT B JIECUCTOH MECT-
HOCTH, B YaCTHOCTH, JUIS 33J]]a4 3KOJOTHYECKOr0O MOHUTOPHHTA U MPOTHBOIOXKAP-
HOTr'0 HaOJIOAEHHS.

CnMUcoK UCTOYHUKOB

[1] Ocrabnenue cuenanoe pacmumensnocmoio. Cepusi P. Pacnpocmpanenue paduosonn. Pexomen-
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[2] HWmnatos B.II. llupokononocuvie cucmemol u k0o0ogoe pazoeienue cuenanos. Ipunyunel u npu-
noacenus. Mocksa, Texaocdepa, 2007, 488 c.
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Annomauyun. B pabome npedcmasnen nooxod K paspabomke uam-6oma 0as 00yyeHus
mamemamuxe wkoabhukos cmapuux kiaccoe (10-11 xraccet) u nod2omoske k dK3aMeHaMm
01151 nocmynienust 6 gvicuiee yueonoe sagedenue. Cucmema 06veOuHsem HOPMATUZAYUIO
3anpoca noab308ameisi U NPOGePKy AKMyalbHOCMU U MAMEMAMu4eckol moyHOCmu omee-
ma. Paccmompena 3a0aua cmMeuaniozo YyerouucieHHo20 HeUHEHO20 NPOSPAMMUPOSAHUS
C 02PDAHUYEHUSMU HA 8peMsi HOPMAIusayuu, 6rodxcem u 00CmogepHocms omeema. J[is
peuterusi 3a0ayu NPUMEHIeMcsi Memoo OUHAMUUECKO20 NPOSPAMMUPOSAHUS, COCMAGIEHA
@yurxyus Bennmana. Ilpakmuueckas yeHHoCmb OAHHOU CUCHEMbl 3AKIOYAEMCsL 6 WOM,
umo oHa cnocobCcmeyem GbICMmpPOMY HOUCKY UHGOPMAYUU U YELTUYEHUIO MAMEMAMUYECKOU
MOYHOCMU OMEemd, Ymo Oeiaem Npoyecc obyueHust U NOO20MOBKU K IK3AMEHAM Ooiee
aghgexmusHbvim.

Knwouesvie cnosa. qam-60m, WKONIbHbLIL Kypc mamemamuxku, HOpmaiusayus 3anpocos, ma-
memamu4eckas mo4Hocmso, Heﬁpocemu, onmumuzayus noucka, N0020MOBKA K IK3AMEHAM

Beenenue. Llupposusauns o0pa3oBaHus CO3AET YCIOBHS AJsl BHEAPEHUS UHTEN-
JIEKTYaIbHBIX CHCTEM, MOBBIMAONIMX PPEKTUBHOCTL yueOHOro mporeccax [1].
B crapmmx kiaccax ydariuecsl CTaJKHBAIOTCS C YBEIMYHUBAIOIINMCS 00bEMOM HH-
¢dbopmanun ¥ HEOOXOIUMOCTBIO TIOATOTOBKH K 3K3aMEHaM, II03TOMY OCOOEHHO aK-
TyaJbHBIMH CTaHOBATCSI YCTPOWCTBA, OOecleunBaromye ObICTPBIA AOCTYN K yuel-
HBIM MatepuanaM [2]. CraHmapTHBIE METOIBI MOMCKa (YIeOHHMKH, CIIPABOYHUKH)
OKa3bIBAIOTCS 00Jiee BpeMsi3aTpaTHBIMH, 3TO BBI3BIBAET MOTPEOHOCTH B HOBBIX TEX-
HOJIOTMYECKUX pemeHusX [3].

MeTtoapl W MaTepuaJbl, pe3yJbTaTbl. PazpaGoTaHHbIi uyaT-00T OCHOBaH
Ha TexXHOJIOTMU 00paboTku ecrecTBeHHOrO si3bika (NLP). KitodeBbie 3rtambl ero
paboThl BKITIOYAIOT: HOPMAJIM3ALMIO 3alIpOCOB, O0palleHne K AByM 0a3zaM 3HaHUI
(mperieneHTHOM 1 00IIIEH) U OLIEHKY JOCTOBEPHOCTH OTBETA. L[E/IBIO CHCTEMBI SIBJISI-
eTcs MHHUMM3AIMS BPEMEHH IOMCKAa HYXHOW WH(pOpMaLMH Ui TOJIb30BaTENs.
Ha Bpemst moucka OyneT BIUSTH HECKOJNBKO YNPABIIEMbIX IEPEMEHHBIX: KOJIHYe-
CTBO 3TalOB HOPMAaJHM3aIlMK 3arpoca, aKTyallbHOCTh MHPOpMAIUU W MaTeMaTuye-
CKasi TOUHOCTh MH(popmarmu [4]. [lns MaTeMaTH4ecKoro 00OCHOBaHUs MPUMEHEHA
MOJIEITb CMEIIAHHOTO EJI0YMCIICHHOTO HelMHeHoro mporpammuposatus (MINLP),
rae neneBas (GYHKIUsS ONKMCHIBACT MUHMMH3alUI0 BpeMenu moucka T(X). Meron
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JUHAMHUYIECKOTO MPOTrpaMMUpOBaHus ¢ pyHKImel bemiMana mo3BomsieT ydecTs He-
JIMHEHHBIE 3aBUCUMOCTH MEXKAY IapaMeTpaMy U 00eCeYnTh OanaHc MeXIy CKOpO-
CTBIO, IOCTOBEPHOCTBIO U 3aTpaTaMU. DKCIEPUMEHTHI TOATBEPANIIN, YTO ONTHMHU3a-
L1 TAPAMETPOB CHUXKAET BPEMsI OTKJIMKA IIPH COXPAHEHUH Ka4eCTBA OTBETOB.

3akiouenune. Pa3paboranHblii 4aT-00T IEMOHCTPUPYET HMOTEHLMAN B IOBBI-
meHnd 3PQPEKTUBHOCTH CAMOCTOSATENBHON IOATOTOBKU CTAPIICKIACCHUKOB I10
MaTeMaTHKe, UYTO SABJIsAeTCA 00sS3aTeNbHBIM JJIs YCIEIHON c1aul 9K3aMEHOB U I10-
CTYIUICHHS B TEXHHWYECKHE By3bl. lcronp3oBaHue AaHHOH Mozenn obecreuyuBacT
OaylaHCc MEXITy CKOPOCTHIO TTOMCKA, TOCTOBEPHOCTBIO M O0keToM. Jls yuurenei
crcTeMa BBICTYIIAeT HHCTPYMEHTOM MOJICPKKHU. 4aT-00T MO3BOJISIET KOHTPOIUPO-
BaTh TUIIMYHbIC OIIMOKHA M OMEPATHBHO JOMOJIHATH 0a3bl 3HaHWH [5]. Bo3moskHoO-
CTH pPa3BUTHS CBsI3aHBl C paclIMpeHuneM 0a3bl TUIOBBIX 3aJaHUN W ajanTanueit
pewenuit mox ¢popmar EI'D.
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Annomayus. AxmyanbHulMu npoOIEMAMYU ABTAIONCA HAXONHCOEHUe Cnocob08 80CnPoU3se-
OeHusl pe3yIbmamos u 00beKmueHas oyeHka apxumexmypholx ocobennocmeti SVIR. B ces-
3U ¢ IMUM BO3HUKAA 3A0a4d NPUMEHEHUS NPOSPAMMHBIX CPEOCmE, CNOCOOHBIX UMUMUPO-
samuv pabomy Haxonumenel u 06ecneyusams NOGMoOPAEMOCHb IKCHEPUMEHMO8.

Kniouesvie cnosa: MR, IMR, orcecmkue oucku, 6occmanosnenue unghopmayuu, 0cmamou-
Hble OaHHble, UMUMAYUsL, MOOETUPOBAHUE

BBenenue. Ha ¢Qusuuecknx >KeCTKHMX IUCKaX HEBO3MOXHO JIETEPMHHHUPOBAHO
BOCIIPOM3BOIUTh PE3YJIbTAaThl KBHYTPCHHUX» OMEpalliii, TaK KaK MHKPOIIpOrpaMma
U TpaHciaTop BToporo ypoBHs (T2) HEIOCTYITHBI s HEMPEPHIBHOTO HAOTIOACHHUS,
a aHaM3y TOAJAIOTCS JINIIh OCTAaTOYHBIE JaHHBbIe. B paHee MpOBEIEHHBIX HCCIIe-
JOBaHMSIX aBTOPOM ObUIO ycTaHOBiIEHO, uyTo SMR-mucku gaxe mociie MOJTHOTO
(hopMaTupoBaHUS W MHOTOKPATHOW TEpe3anmiCcH COXPAHSIN 3HAYUTEIHFHOE KOJIHU-
YECTBO OCTATOYHOU MH(pOpMAIIMH, TOrIa Kak Tpaauiimonubie CMR-qucku uiieHbt
aToro Hemoctatka [1]. Pe3ymbraThl SKCIIEPUMEHTOB MOATBEPAUIN HATHYHE IMPO-
0JieM TIpY TIOJTHOM YJAJIEHUH JTAaHHBIX W BBISIBIIIM TPYJAHOCTH B BOCIIPOU3BOUMO-
CTH KCIICPUMEHTOB.

MeToapl W MaTepHAdbl; Pe3yabTaTbl. [ TPOJOIDKEHUS HCCIICIOBAHUSL
Y TIPOBEPKH BBISIBJICHHBIX paHee HEIOCTATKOB OBUTH MCIIOJIBb30BaHbI IPOrPAMMHBIC MO-
JIeTTH, BOCIIPOU3BOIAIIME TIOBECHNE YKECTKUX JTUCKOB Ha YPOBHE 30H M TPEKOB [2-5].
Taxvie MoienH TI0O3BOJISIIOT BOCIIPOM3BECTH YCIIOBHS, B KOTOPHIX HAOIIOMAIOTCS TPO-
OJIEMBI ¢ OCTAaTOYHBIMH JAHHBIMH, @ TAKXKE YUECTh CTPATCTHIO Pa3MEIICHUsI HH(OP-
Malli1, OCOOCHHOCTH OTIePAIlil YTSHUS, 3alMCH U TIEPE3ariCH, U 33JIePKKH, CBI3aH-
Hble ¢ Mexanm3mom read-modify-write, B ormudme OT (HU3HYECKHX YCTPOWCTB,
MpOrpaMMHasi UMHTAIIHS Ja€T BO3MOXKHOCTh KOHTPOJIMPOBATH MAPaMETPhI IKCIICPH-
MEHTa ¥ MHOTOKPATHO TTOBTOPSTH €TO B HICHTHYHBIX YCIOBHUSX, YTO ITO3BOJISIET 00B-
EKTUBHOT'O COTIOCTABIISITh PE3YJIbTaThl C (PH3HMUYCCKUMU JTCKAMHU.

Jliis mpoBepKku KOPPEKTHOCTH pa3pabOoTaHHON MojienH ObLTO TIPOBEICHO CPaB-
HEHHE MOBeACHUs peasbHoro SMR-mucka u ero mporpammuoi umutanuu. Cormo-
CTaBJICHHE BBIMIOJTHSIOCH HA OCHOBE CEPUH TECTOB, IMO3BOJISIOMIMX CBS3aTh paHee
BEISIBIICHHBIE TIPOOJIEMBI C BOCTIPOM3BEACHNEM HX B MIPOrpaMMHOI cpene. B o6onx
ClIydasiX MPOBOJMIIACH 3alUCh YHHUKAIBHBIX MATTEPHOB JAHHBIX C MOCIEIYFONICH
nepesanuceio cranmaptHeiME 1madmonamu (0X00, OXFF). Takoii moaxo/] moO3BOIKIT
YCTaHOBUTh, B KAKOW CTEIEHU IPOrpaMMHasi UMHUTAIMs oTpaxaeT 3G(deKT coxpa-
HEHHSI OCTATOYHBIX JAHHBIX. [|OMOJHUTENLHO BBIMOJNHSINCH HATPY30YHBIC UCIIBI-
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TaHUS C MCIOJIb30BAaHMEM HWHCTPYMEHTOB TeCTHpOBaHHUs BBoAa-BeiBoga (fio) mms
aHaJIM3a JJATCHTHOCTHU OIEpaluil NpU Pa3InYHON CTeleHU 3anoiHeHus. MToroBoe
COIOCTaBIICHUE NpOGWIeH MPOU3BOJUTEIHLHOCTH Jall0 BO3MOXHOCTH BBISIBUTH
CX0KHM€ 3aKOHOMEPHOCTH: POCT 3aJIeP)KEK NPU YBEIUYCHUN HArPy3KH, MOSIBICHUE
JIeTpaiallii CKOPOCTH 3alliCH BOJIM3H MPENEIbHOTO 3allOIHEHMS U XapakTep pado-
eI read-modify-write omeparrwi.

Pesynbrarhl moka3anu, 4TO MpOrpaMMHas UMUTAIMST BOCIPOU3BOJIUT OCHOB-
HbIe 2()(EKTHI, BRISBICHHBIE B OKCIIEPUMEHTAaX C peanbHbiMu SM R-HakonmuTensamu.
OpHako 4acTh CHEHU(PHUUESCKUX 0COOCHHOCTEH — CBSI3aHHBIX C BHYTPEHHUMH 30-
HamMu OydepH3anud ¥ TPONPHETAPHBIMH AITOPUTMAaMU MHUKPOIPOTPAMMBI —
ocTajgach BHE PaMOK MOJICIMPOBaHUA. TakuM oOpa3oM, HMHUTALUS OTpakaeTr 00-
e 3aKOHOMEPHOCTH (YHKIIMOHUPOBAHMSI TEXHOJOTMM, HO HE OOCCIIeUMBACT
MOJTHOTO COBIMAJIEHUS C Pe3yJIbTaTaMu, MOTyYaeMbIMH Ha (PU3NIECKHUX JIUCKAX.

3axumouenue. [IpoBeneHHOE HCCIICAOBAHUE MOATBEPANIIO, YTO MPOrpaMMHast
MMUTAIUS. MOXKET UCIOJIb30BAThCS KAaK BCIIOMOTATENIbHBI MHCTPYMEHT JIJISl M3yde-
Hus paborel SMR-HakonuTeneit. OHa o0ecreunBacT BOCIIPOUM3BOIUMOCTD KCIIEPH-
MEHTOB, MTO3BOJISICT KOHTPOJIMPOBAThH YCIIOBHSI TECTUPOBAHUSI M BBISIBIIAThH KIIFOUCBBIC
TEHJICHIINY, XapaKTepHbIC JJIs JaHHOH TEXHOJNOTHMH. BMmecTe ¢ TeM Iuis MmoiydeHus
MOJIHOM KapTHHBI Pe3yJIbTaThl MMUTALIMH HEOOXOAMMO COIMOCTABIATH C JAHHBIMHU,
MOJMYYCHHBIMU Ha PEabHBIX TUCKaxX. VCIoyib30BaHUE MPOrpaMMHBIX MOJICNIEH CO-
371ae€T OCHOBY JIJIsl TIOCTICYIOIINX MCCIICIOBAHM, HANPABICHHBIX HA aHAJHM3 TPOU3-
BOJIUTEJILHOCTH M Pa3pabOTKy MOAX00B K €€ ONTHMH3AIINH.
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Annomayus. Ommeuena HeodX00UMOCHb YOPMANUZ08AHHO0 NPEOCTNABNIEHUS COBPEMEH-
HbIX KOMNIEKCHBIX CPeOCm8 3aujumsl UHPOpMayuu, makux Kax cUCmemsl pacuiupennozo
obnapycenust u peazuposanusi (XDR) na amaxu. I[lpeonoscena xongueypayus XDR-
cucmemsl Kak cemegoli cucmemul 0oHapycenuss smopaicenus u EDR-cucmemvr. Chopmu-
POBaHA MEMOOUKA PACNO3HABAHUS KOMUbIOMEPHBIX AMAK, NO360JA0WAS PeaIu308ams
maxyio cucmemy. B omauuue om mpaouyuonHvix noucko8 UCKIOUUmMenbHo cnocoda Kiac-
cugurayuu nocmynarnwux codovimuil, npeonaeaemdas Memoouka maxxice yUumvieaem
@opmam npedcmaesnenus 6XOOHbIX OAHHBIX U CHOCOD Bepughurayuu pe3ynbmamos Kiaccu-
Quxayuu, npouzsoouMoli Memooamu mawunHo2o ooyuenus. Iloxasana s¢ghpexmusnocmy
npumenenuss onucannou memoouku ons pearusayuu XDR-cucmem.

Knroueswie cnosa: cucmemvr obnapyoicenus smopoicenuti, XDR-cucmemot, memoouxa pac-
NO3HABAHUS AMAK, COKPAWEHHAS OUASPAMMA PEUleHUll, MAUWUHHOe 00yyeHuUe

Beenenne. CucteMbl pacHIMPeHHOr0 OOHAPYXKECHUS M pEardpoOBAaHUS HA aTaKH
(XDR) Bnepebie nosiBiiuck B 2018 romy u opmambHO OTHOCSATCS K KiIaccy
CpeNCTB 0OHAPYKEHHS U pearupoBaHus Ha aTakH, T. €. K *DR-cuctemam [1]. Eciu
EDR-cuctemMpl MOXXHO NMPUBECTH B COOTBETCTBUE C TPAAUIIMOHHBIMU CHCTEMAMMU
obuapysxenus sropsxkerns (COB) yposust y3ma, a NDR-cuctembr — ¢ COB ypoBHst
cetd, To 32 XDR-cucremsr mpousBoautenn C3UM 3a4acTyro BBIJAIOT HECKOJIBKO
MPOAYKTOB B OAHOM MakKeTe YCJIyr, YTO He rapaHtupyer 3PQEeKTUBHYIO 3aIIUTy
WH(POPMAITOHHBIX CHCTEM.

Metoabl U MaTepuaJbl;, pe3yabTaTsl. [[puMeHeHnEe COBPEMEHHBIX METOI0B
MAIIMHHOTO OOYYEHHs, UCKYCCTBEHHBIX HEHPOHHBIX CETEH AeiaeT KOMILICKCHbIE
C3U KOHKYpEHTOCTIOCOOHBIMH M 0oJiee TMOKMMHU IO OTHOIICHHWIO K IOCTOSHHO
MeHsIoeMycs JTaHamadTy HHPOPMAIMOHHBIX yIpo3. B cBs3u ¢ 3THM mpennara-
etcst paccmarpuBaTh XDR kak coBokxymHocte COB ypoBas cetn u EDR-cucrewm,
AHATTM3UPYIONINX AaHHBIE CETEBOro Tpaduka W Y3JIO0BBIE COOBITHSI TOCPEACTBOM
aHcaMOJIs1 METOJI0B MAILIMHHOTO 00yYeHHSI.

OO0y4eHre KiacCH(PUKATOPOB MAIIMHHOTO OOYYEHHUS W JaTbHEUIWI aHaIN3
TpeOyeT pabdoThl ¢ KOJOCCATbHBIM 00bEMOM BXOJHBIX JAHHBIX, KOTOPBIH MOXKHO
ONTHMHU3HUPOBATH, yIATHB MaJOWH(OpPMaTHBHBIE TTAPaMETPHI H OOBEIIMHUB CXOKUE
MOCPEICTBOM COKPAIIICHHOH JuarpaMMbl pelIeHHi [2], YTO MO3BOJISET MOBBICUTD
TOYHOCTbH pacno3HaBaHus Aaxe curnatyproit COB nHa 2 %.

[MockonbKy amanTHBHBIE METOBI 00Naal0T CBOMCTBOM HETOYHOCTH, MPEXKIC
YeM BBIBOAUTH PE3YJIBTAThl KJIACCU(HUKAINH, BHIXOJBI aHCAMOJIsl MTOJAl0TCsl Ha Tep-
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MUHAJIBHBIA KJIacCH(UKATOP B3BEIIEHHOTO TOJIOCOBAHMS, HA dTare KOTOPOTO OCY-
HIECTBIISIETCS BepUHKALUS H KOPPEKTHPOBKA PE3YIbTATOB KaK MEXIY COOOM, Tak
U C JaHHBIMU CHUTHaTypHoro aHainmsa [3]. Brmaromaps aTomy TecroBas peanm3anus
XDR-cuctemsl mokassiBaeT pe3ynbrarsl Ha 11 % myqire, yem kinaccudeckune COB.

3akiouenne. Pacnio3HaBaHre KOMIIBIOTEPHBIX aTak CJelyeT paccMaTpUBaTh
0oJiee MUPOKO, HEKEH ATAIl aHAIM3A U KIacCU(UKAIUU COOBITHIA B AUCKPETHBIX
MOCIIEZIOBATENLHOCTAX — B JaHHOM cllydae ceTeBoro Ttpaduka. OnTUMH3HPOBaH-
Hasi HOATOTOBKA BXOAHBIX JaHHBIX M MPOBEPKA MOTYUYCHHBIX PE3yJIbTaTOB KIacCH-
(hukary He MEeHee BaXXHEI. TakuM 00pa3oM, METOAMKA PacCIIMPEHHOTO 0OHApyKe-
HUSI M PearupoBaHMs Ha KOMIBIOTEPHBIE aTakd COCTOMT U3 TPEeX CHOCOOOB Ha
KaxaoM u3 stanoB. 1) Croco6 npeoGpa3oBaHus BXOAHBIX JAaHHBIX B (opmar co-
KpaIleHHOW AuarpaMMbl peIlIeHUH sl ONTUMH3AINHU HX TPEICTABICHUS B MaMSTH;
2) I'mOpuaHBI TOAXOA K OOHApY)KCHUIO BTOp)KEHHH Ha ocHoBe cereBoii COB
n EDR-cucTeMbl, peanusyromux aHcaMOis MaluHHOro o0yuenus; 3) Bepuduka-
Ul Pe3yNIbTAaTOB IaHHOTO aHcamOls C TOMOLIbIO B3BEHIEHHOT'O TOJOCOBaHHS
Y CUTHATYpHOTO aHann3a. TecTrupoBaHne Ha OONMbIIMX HAOOpax MaHHBIX MTOKa3hIBa-
€T TOBBIIICHUE TOYHOCTH BBISIBICHUS aTak B cpequeM Ha 11 %, uro monTBepxkuaet
3¢ (EeKTUBHOCTH METOIUKH.
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Annomauusn. Paccmompen nooxoo Kk agmomamusupo8aHHOMY U3GNIeHeHUI0 U KIACCUDUKa-
Yuu MepMUHO8 ¢ UCNONL308AHUEM OUHAMUYECK020 2pagha snanuil. [Ipedcmasnen Kousetiep,
BKIIOUAIOWULL PACNOZHABAHUE MEPMUHOE 8 MeKCme, OnpeoesieHue Uux NPUuHaoIeNCHOCU
K Uepapxuyeckoil Cmpykmype Kiaccog U asmomamuyeckoe pacuupenue epagda npu nosis-
JeHuy Hogulx nouamuil. Iloxazano, 4ymo npeonodceHHbill Memoo obecneuugaem yHUsep-
canbHocmb 00pAbOMKU MEKCMO8 PA3IUUHbIX NPEOMEMHbIX obnacmell, n03601sem adan-
MUBHO BOPMUPOBAMb MAKCOHOMUIO U ROOOEPHCUBAMb AKMYAIbHOCb 2paga 3Hanull 6e3
pyunoco peoakmuposanus. Coenan bl800 0 NPUMEHUMOCHU PA3PAbOMAHHO20 pelieHUs
OJ1s1 cucmem UHMEIEKMYAIbHO20 AHAIU3A OAHHBIX U NOOOEPIHCKU NPUHSIUS PEUEHU.

Kniouesvie cnoea. epagh 3nanuil, uzeieuenue mepmuHos8, Kiaccuurayus, asmomamusa-
Yusl, OUHAMUYECKAs. MAKCOHOMUSL

Brenenue. B coBpeMeHHBIX YyCIOBHSX 00BEM TEKCTOBOW HMH(OPMAIUU PACTET
9KCIIOHEHLIUANBHO, YTO TpeOyeT pa3paOboTKH MHCTPYMEHTOB JUISL €€ CHCTeMaTh3a-
MU U aBTOMAaTHYECKOH cTpykrypu3anuu. OmHUM 13 3G (EeKTUBHBIX PEIICHUH BBI-
CTyIaeT MocTpoeHue rpadoB 3HaHUH, B KOTOPBIX TEPMHHBI CBA3BIBAIOTCS OTHOILIE-
HUSMHU TPUHAICKHOCTH ©u uepapxud [1]. OaHako KIacCHYeCKHE MOIAXOIbI
CTpaIalOT CTATUYHOCTHIO: U3MEHEHUE MPEeMETHON 001acTH BiIeUeT 3a co0oi pyd-
HYIO nepepaboTKy CTpyKTypsl rpada [2]. s npeonoieHust 3Toro orpaHHuYeHUs
MpejiaraeTca MeTo AMHaMUIeCcKoro popMupoBaHus Tpada 3HaHWH, OCHOBaAaHHBIH
Ha aBTOMAaTU3WPOBAHHOM H3BJICYCHUH U Kiaccudukanuu TepMuHoB. Llenb paboTel
3aKJIFOYAETCs B CO3/IaHUU HEIIPEPHIBHOTO KOHBeWepa 00paboTKH TEKCTOB, CIIOCO0-
HOT'O HE TOJIBKO M3BJIEKATh TEPMHUHBI, HO U MHTETPUPOBATH UX B CYIIECTBYIOIIYIO
CHCTEMY KJIacCOB, a NMPH HEOOXOIMMOCTH — CO3/1aBaTh HOBBIE DJIEMEHTHI rpada.
D10 obecreunBaeT YHHBEPCATHHOCTh MOAX0/Ia W BO3MOXKHOCTh €Tr0 MPHUMEHEHUS
B Pa3IMYHBIX O0JIACTSIX 3HAHUSI.

Metoabl 1 MaTepHaJibl; pe3yJbTaThl. [IpeayiokeHHbIH KOHBEHEp BKIOYAET
HECKOJIbKO 3TaroB. Ha mepBoM 3Tare oCymecTBIseTCsl paclioO3HABAaHUE TEPMHUHOB
B TEKCTE C UCIIOJIB30BAaHUEM METOJOB MaummHHOro o0ydenus [3]. Tekct pazousa-
eTCsI Ha CJI0Ba, yOMparoTCs CHMBOJIBI, HE OTHOCSIINECS K ajd(paBUTHBIM WM 3HaKaM
npenuHanus. JJooOyueHHass MOZIENb Paclio3HABaHUS €CTECTBEHHOTO s3bika BERT
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COBEpIIACT KOHTEKCTHOE BBIICICHHE IMOTEHIMAIBHBIX TEPMHHOB M3 TEKCTa U pas-
meuyaer B Qopmare BlO. TlomydeHHbIE TEPMHHBI MPOXOIAT JOTOIHUTEIBHYIO
¢unpTpanmio npu nomomu LLM-skcnepra.

Jlariee BBIMOTHSIETCS MPOBEPKA MPHHAIICKHOCTH TEPMHUHA K CYIIECTBYIOIIEMY
JepeBy KiaccoB. /Iy 3TOro MCHoONb3yeTcsi uepapxuyueckas Kiaccu(ukaims, mo3-
BOJISIOIIAsl TIOCIIEIOBATEIbHO YTOYHSATH TO3UIMIO TEPMUHA HAa Pa3sHBIX YPOBHSX
TaKCOHOMHUH. Ecii yBepeHHOCTh KiIacCH(UKAUK OKa3bIBACTCS HEJOCTATOYHOM,
WHUIMUPYETCS TPOLECC CO3JaHusi HOBOro kmacca. Ero crpykrypa dhopmupyercs
ABTOMAaTHYECKH, YTO 00ECIICYNBACT aIalITHBHOE paciIupeHue rpada 3HaHHi.

DKcrepuMeHTalbHAs TPOBEPKa MOKa3alia, YTo MPEUIOKESHHBIH MeTo1 obecrie-
ynBaeT cra0miapHOe KaudectBo wm3Bimeuenus (F1l-score=0.849, Precision=0.835,
Recal|=0.86) u knaccudukanmum TepMUHOB, a TAKIKE KOPPEKTHOE paclIPEHHE TaK-
COHOMHH.

3akaiouenne. PazpaboTan MeTox aBTOMaTH3WPOBAHHOTO M3BJIEUEHUS U KJlac-
cu(uKalMy TEPMUHOB B THUHAMUYECKOM Tpade 3HaHHil. B oTiHuKe OT TpaauinoH-
HBIX PELICHHUH, IPEUIOKESHHBIH 1T01X0]] 00eCIIeYHBaeT BO3MOKHOCTD aIalTHBHOTO
pacImpeHns: CTpyKTypbl KitaccoB 0e3 ydacTus skcrnepra. Cucrema yHUBepcaibHa
Y MOJKET OBITh MCIOJIb30BaHa JUIS aHAJIN3a TEKCTOB PA3IMYHBIX MPEAMETHBIX 00I1a-
cTeif.
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FeHepauus U306paXKeHU C pyKONUCHIO AN 3a4ay
pacno3HaBaHUSA TEKCTA

3axapos MNaBen BaneHTMHOBUY pv_zakharov@mail.ru

MITY um. H.3. baymaHa, Mockea, Poccus

Annomayusn. Paccmompenvt nooxoovl Kk eeHepayuu pyKONUCHbIX U300PAXiCeHUll 8 3a0a4ax
Ounamuueckou buomempuu. Ilpeocmagnenvt memoobl CUHMEMUYECKO20 HOPMUPOBAHUS
OaHHBIX 0711 860CNOTHEHUS HeOOCHAMKA PEalbHbIX 8bI00POK U NOBbIUEHUS Kauyecmed 00Y-
yenust mooenell pacnosuasanusi. Coenan 6bi600, Ymo 2eHepayusi PyKONUCHbIX U300padicenuil
MOJICEmM NPUMEHSIMbCS KAK OJisL MPEHUPOSKU OUOMEMPUUECKUX CUCTEM, MAK U OISl UCCIe-
008aHUsL MEMOOO8 GbIsGLeHUS] CUNMEMUKLL.

Knwuesvie cnosa. ounamuueckas 6MOM€mp1/l}l, PYKOnucHole u306pa.’)iC€H1/l}Z, CuUHmemuve-
CKue aaHHble, ceHepayust, pacno3naeanue

Beenenue. /lunamuueckass OMOMETpHs, OCHOBAaHHAas Ha aHAJIM3€ PYKOIMCHOTO
BBOJIA, SIBJISIETCS MEPCIEKTHBHBIM HAIpPaBICHWEM IJIsi TOCTPOSHUS HaJIe)KHBIX CH-
cteM ayTeHTH(uUKanuu. OAHONW U3 OCHOBHBIX MPOOJEM B 3TOH 00NacTH ocTaeTcs
HEJOCTaTOK JAaHHBIX, YTO 3aTPyAHSAET 0OydeHHE M TECTHPOBAHHE COBPEMEHHBIX
anroputMoB [1]. ['eHepalis CHHTETHYECKUX PYKOIUCHBIX M300paKeHH paccMmar-
pHUBaeTCs KaK CIIOCO0 BOCIOJHEHHsI HEXBATKU BBIOOPOK M MOBBIILIEHHUS YCTOHYUBO-
ctu Mozenei. Llenpro pabGoTHl SIBISETCS HUCCIIEAOBAaHUE METOAOB I'€HEPAllUH JaH-
HBIX M UX IPUMEHUMOCTH B 337a4ax AMHAMUYECKON OrnomeTpuH [2].

MeToabl M MaTepuaJibl; pe3yabTaThl. B paboTe 1CHONb30BaINCh METOIBI T'e-
Hepaly CUHTEeTHUYECKUX PYKOIMCHBIX M300pa)KeHUi ¢ MpUMEHEeHHeM Mojeiel ma-
LIMHHOTO OOYYCHHUS U AITOPUTMOB KOMIIBIOTEPHOTO 3peHHs. B kauecTBe HCXOIHBIX
JAHHBIX pacCMaTPUBAIMCh 0OpasIbl PYKOMHCHOTO BBOJA, BKIIIOYAIOIINE CHMBOJIBI
U CIJIOBA, TIOJIyYEHHBIE M3 OTKPHITHIX HA0OPOB NaHHBIX. ISl CHHTETHUYECKOH renepa-
MM NPUMEHSUIUCH aNrOPUTMBI TpaHCc(hopMaluy n300pakeHUH, METOIbI BapHaIHOH-
HBIX aBTODHKOJIEPOB U T€HEPATUBHO-COCTSI3aTebHBIX ceTell [3]. O0paboTka qaHHbBIX
BKJTIOYaJIa 3Talbl HOPMAIU3aliH, BBIIEICHU NIPU3HAKOB U UX MOCIENYIOIEH Kiac-
CU(UKAINN C UCTIOIh30BaHIEM CBEPTOYHBIX HEHPOHHBIX ceTell. B pesymbrare skc-
MIEPUMEHTOB TIOKa3aHO, YTO HCIOJb30BAaHHE CHHTETUYECKHUX AAHHBIX IO3BOJIIET
CYILIECTBEHHO YBEIUYUTH OOYYarOLIyI0 BHIOOPKY M MOBBICUTH TOYHOCTH PACIIO3HA-
BaHMS PYKOITUCHOTO TeKcTa. [lomydueHHbIe H300pakeHHs IEMOHCTPUPYIOT BBICOKYIO
BapUaTUBHOCTB, COXPaHssl IPH 3TOM KIIIOUEBbIE OMoMeTprueckue npu3Haku. OneH-
Ka YCTOMYMBOCTH MOJZEJNel IMoKa3zana WX YyBCTBUTENFHOCTh K HCKYyCCTBEHHO CO-
30aHHBIM 00pasliaM, 4TO HOATBEPKIAET aKTyalbHOCTb Pa3padOTKH METOIOB BBISIB-
JICHWS] CHHTETHKH.

JlonoaHNATENFHO MPOBENEHO CpaBHEHHE padoThl Mojeneld mpu oOyueHHH
TOJIbKO Ha peajbHble NaHHbIE W NMPH CMEIIAHHOM OOYYEeHUH C HMCIIOJIb30BaHHUEM
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CHHTETHKH. YCTaHOBJEHO, YTO MOJEIH, HATPEHUPOBAHHbIC HA CMELIAHHBIX JIaH-
HbBIX, JEMOHCTPHUPYIOT JIyUIIyI0 YCTOHYMBOCTh K U3MECHEHHIO MOYEpPKa U K LIyMO-
BBIM HCKa)KCHHUSIM, YTO JIeNIaeT MOIXO0]] MEPCIIEKTHBHBIM JUIsl TIPAKTUYECKOTO MpH-
MEHEHHUST B OMOMETPHUYCCKUX CHCTEMaxX (CM. PUCYHOK).

Model loss Model loss

— Tnin — Train
validation 20 validation

wss

94.63%

: BB.09X

Pe3ynbTaTtbl 3KCNepumMeHTa

3akiouenue. VccnenoBanue mokasajio, YTO T'€HEpalusl PYKOIHMCHBIX H300-
pakeHUH TMOBBIIIAeT 3(PQPEKTUBHOCTH aJTOPUTMOB JIHHAMHYECKOW OHOMETpHHU
U paciupsieT BO3MOXHOCTH UX NMpuMeHeHud. [lonydyeHHsle pe3ynbTaThl MOTYT HC-
M0JIb30BaThCS KAaK B MIPAKTHYECKUX OMOMETPUYECKUX CHCTEMax, TaK U B JalbHEH-
[IMX HAYYHBIX UCCIIEIOBAHUSAX.

CruUCcoK UCTOYHUKOB

[1] Cait C.B., KynaumeB A.A. Ouenka kadecTBa M300pakeHUH NPUPOTHOTrO JaHAmadTa ¢ MOBbI-
meHHBIM paspemienneM Ha ocaoBe GAN. Becmuuk TOI'Y, 2024, Ne 1 (72), ¢. 49-58.

[2] JleGenmesa O.A. [lnHaMmu4yecKoe MOJIEITMPOBAHKE ONITUMAIBHOTO MapPIIPYTa B MYJIBTUMOAATBHON
TpaucnoptHoi cetu. Cospemennvie mexnonoauu. Cucmemusiii ananusz. Mooenuposanue, 2020,
Ne 1 (65). https://doi.org/10.26731/1813-9108.2020.1(65).44-50

[3] Tuenunues C., IOnsmkos M.A., KoBanesa O.A. Meroa co3IaHusi CHHTETHYCCKUX HAOOPOB

JIaHHBIX JUIs 00y4YeHns HEMPOCETEBBIX MOJIENEN Paclo3HaBaHHIO 00BEKTOB. MHpopmayuonio-
ynpasusowue cucmemst, 2022, Ne 3 (118). https://doi.org/10.31799/1684-8853-2022-3-9-19
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NHpopMaLMOHHAA CUCTEMA MOHUTOPUHIA COCTOSIHUSA
pacnpepeneHHoi ad-hoc-ceTn nepesaum gaHHbIX

KyBwunHoBa AHHA EBreHbeBHa annakuv@student.bmstu.ru
3aiiueB ApceHnii Muxaiinosuy za06m16@student.bmstu.ru
MBaHoB Uropb MoTanosuy ivanov@bmstu.ru

MeHKuH ApTem JMuUTpueBuy penkinad@student.bmstu.ru
KoueTkoB [leHuc UropeeBuy kochetkovdi1@student.omstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

Annomayusn. Paccmompena 3a0aua onepamusHo20 HAOI00eHUs 34 COCMOsIHUEeM pacnpe-
oenennoti ad-hoc-cemu ¢ nomowwio muxpoxonmponnepa ESP8266, evinonnsioweco monu-
mopune ee coCMosAHUsL U NEPeoayy MexHu4eckoll UHPOPMAYUU 8 PEHCUME PedibHO20 6pe-
Menu 6 eed-opuenmuposanivlii unmepgetic. Ilposedeno mecmuposanue unGoOpMayuoHHOU
cucmembul 6 1AOOPAMOPHBIX U NONEEBIX YCIOBUSX.

Kniouesvie cnosa. monumopune cemeii MANET, ESP8266, monumopune komnviomephvix
cemell, pacnpedenennble KOMnbIomepHvie cemu, pacnpeodenennvie ad-hoc cemu

Beenenmne. [[1s1 KOHTpOIS cUCTEM, Pa0OTAIOIINX B YCIOBHAX OTCYTCTBUS CTAOMIIb-
HBIX KaHAJIOB CBSI3H, TPEOYIOTCS CIEIMANTN3UPOBaHHbIe cpezcTBa. JJaHHas paboTa
MOCBSIIIICHA pa3paboTKe CHCTEMbl HaOIO/eHMs 3a cocTosiHMeM ad-hoc-cetu, co-
3MaHHOHN Ha 0aze MHKPOKOHTpoJuiepoB ESP8266, u sBisromelics 4acThIO pacipe-
JICTICHHOTO KOMIUIEKCa OOHApy)KeHHUs JIECHBIX MoxapoB [1], pa3zpabaTriBaeMoro
B paMKax IOCyAapCTBEHHOTo 3aiaHus MHHHUCTEpCTBa HayKd W BBICHIETO 00pa3o-
BaHus Poccuiickoit deneparmu (tema Ne FSFN-2024-0073).

Marepuajbl H MeTOIbI; Pe3yJabTaThl. DHepProdpGeKTHUBHAS pacHpeaciIeH-
Hasi ad-hoc-ceTh mepenayn MeTaJlaHHBIX O MOHHUTOPUHI'€ BO3TOPAHHUIl B TPYIHOIO-
CTYNHBIX MecTax moctpoeHa Ha Oaze momyneit NodeMCU cemeiictBa ESP8266
¢ ucmosb30BaHueM OubmuoTeku «painlessMesh». beuta paspaboraHa mporimBKa
JUISL OTJCITBHOTO MHKPOKOHTPOJIIEPA, MPOU3BOISIIETO MOHUTOPUHT 3TOH CeTH —
ESP-30n1. OH mpou3BoauT cOOp CIEAYIOUIMX JAaHHBIX — KOJWYECTBO MOJKIIO-
YEeHHBIX K CETH y3JIOB, X Ha3BaHUs, HHPOPMALHUIO O TOMOJIOTUH CETH, CIIMCOK J0-
crynubix 1o 6nmsoctu WiFi-cereit ¢ ykazanuem SSID u RSSI, u nanee nepenaer
UX Ha MUKPOKOMIIBIOTEP I10 MOCIIeI0BATEIEHOMY MOPTY .

Jlns o6pabotku maHHbIX B popmare JSON, nmocrynarommx or ESP-30H71a, ObI-
Ja pa3zpaboTaHa cereBas ciyx0a Ha s3bike mporpammupoBanus Python. Cepsep
JAHHOM CETEBOM CIIy:KOBI IOCPEICTBOM ACHHXPOHHON ouepemu [2] BHIMONHAET
POJIb MPOKCH-CEPBEPA MEKTY MUKPOKOMIIBIOTEPOM, K KOTOpOMY HojKitoueH ESP-
30HI M YyHAJICHHBIM BeO-OpUEHTUPOBaHHBIM HHTepdelicom. Beb-opuentupo-
BaHHBIN uMHTep(deiic nmpeacTapiser coboit MHGOPMANMOHHYIO TIAHENb, JTaHHBIE KO-
TOpOH OOHOBIISIOTCS B PEKUME peaibHOToO BpeMeHu 1o npotokoay WebSocket [3].
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Takum o6pa3zom Tonosorus ad-hoc-cetn 0ToOpaxkaeTcs B BHIE OPUSHTHPOBAHHOTO
rpada, B BepIIMHaX KOTOPOTO HAXOMASATCS HICHTU(UKATOPHI Y3JI0B. Y3el roiryooro
nBera cooTBeTcTBYeT ESP-30H1y (CM. pHicyHOK).

MOHHTOPHHT COCTOAIHUA CeTHn

Cratye: Nopknioueno

Tononorua ceTu

3044676833 FI6SBE61E S24745292

CocToRHMe cetn WN3ameHeHMA Tononorum MopknioyeHun K Monitoring
Node

ORUDAHAE QAHMHDIX..
CeTh: "Monitor* HeT nameHeHni
YHCNO KOHTPONNEROS B CETH. 4
ESP-30mp: | 3079032633
Moaxnoens!
524745292 | 316GETN9 | FI6586613 3044676833
Roctynnbie Wi-Fi ce:
Monitor: -63dBm
Xiaomi_DCES-pro: -89dBm

debian: -36dBm
Monodrormy: -B6dBm

MypHan co6biThil

Be6-uHTepdeiic cucTeMbl MOHUTOPUHTA

3akmouenne. Pazpaborana nHPOpMaMOHHAsI CICTEMa MOHUTOPHHTA COCTO-
suust ad-hoc-cetn, Bkirouaromass B ceds Cleayroime KOMIOHeHTh: ESP-30mH1,
poKcH-cepBep u BeO-uHTEepdeiic. TectupoBanme HHPOPMAITMOHHOW CHUCTEMBI
MPOBOJIUIIOCH Ha MPUMEPE CTAIIMOHAPHOTO M MOOMIIBHOTO KOMILIEKCA MOHUTOPHH-
ra JIECHBIX 1MokapoB. [lonydeHHOe pelieHe 03BOJSET B PEeXKIME PeaIbHOTO Bpe-
MEHHM KOHTPOJHMPOBATH cocoTostHue ad-hoC-ceTw, BBIABIATE aHOMAIMU M M3MEHE-
HHS B TOIIOJIOTHHU.

CnMUcoK UCTOYHUKOB

[1] Penkin A.D., Kochetkov D.l., Nashchekin N.D., Posevin D.P., Ivanov |.P. On the Possibility of
Creating Energy-Efficient Mesh Network to Prevent Forest Fires and Provide Video Surveil-
lance of Hard-to-Reach Areas. 7th International Youth Conference on Radio Electronics, Elec-
trical and Power Engineering (REEPE). |IEEE, 2025, pp. 1-6.
https://doi.org/10.1109/REEPE63962.2025.10970996

[2] CaBocrun IT.A., EdpemoBa H.D. IIpakTrueckoe MPUMEHEHHE aCHHXPOHHOTO MPOTrPaMMHUPOBa-
HU Ha s3bIke Python mpu momomm makera ASyNncio. IIpoepammubie cucmemol u 6bluuCIUmMENb-
Hble memoowt, 2018, Ne 2, ¢. 11-16.

[3] BonmenkoB A.C. Anamu3 nporokoia mepemaud maHueix \Websocket. Akmyanvuvie nayunvie
uccnedosanus 6 cospemennom mupe, 2022, Ne 1-1 (81), c¢. 49-52.
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OnbIT UICNONb30BAHUA BUPTYaJiIbHbIX CTEHA0B
B 06pa3OBaTEJ'IbHOM npouecce

WBaHoBa HaTanbs AnekcaHapoBHa' slamy@bk.ru

AHuudepos Cepreii AnekcaHapOBUY® salan63@mail.ru
SPIN-kop: 6538-5470

40y BO «Tonbasmmurckas akademust ynpasnexus», Toneammu, Poccusa
2Ore0y BO «TonbammuHcKuli 2ocyoapcmeeHHbili yHusepcumemn», Tonbammu, Poccus

Annomayusn. Ilpugooumcs onucamue UpmMyarbHO20 cmeHoa a8MOMAMUUPOBAHHOU Cu-
cmeMbl ynpasieHusi RPUmMoYHoU 6eHMuIAyuoHHou kamepvl. Cmeno npumensiemcs 015 00y-
YeHUs CMYOeHMO8 MeXHUYeCKUX CneyuanbHocmell U nOGbIEeHUs Keatudurayuu compyo-
HUKOB IHCUNUUYHO-KOMMYHATIbHO20 X03Aticmea. Bupmyanvhvle cmenobl 8 06pazosamenibHoM
npoyecce NoKa3anu GbICOKYIO dQPeKmueHoCms 3a cuem HAAA0H020 NPeOCMABIeHUs Md-
MeMamuyeckux u J102U4ecKux 63auMoceasell npu OnUCAHUU MOOeU peairbHo2o 060py0o6a-
HUSL.

Knrouesvie cnosa. supmyanvhoiii cmeno, SCADA-cucmema, asmomamuzupoeannas cu-
cmema ynpagnenust, GeHMUISAYUOHHAsS Kamepa

BBenenue. YpoBeHb KaapoBOro MOTEHITHANA B cepe KUITUITHO-KOMMYHAITEHOTO
xo3siicTBa (JKKX), okaspiBaeT 3HAUMTEIBHOE BIUSHHUE HA PE3YIbTATHBHOCTH Pabo-
THI TPEANPHUSATHS, YTO, B CBOIO ouepens (GhopMupyeT TpeOOBaHUS K COTPYTHHKAM
U B NIEPBYIO OYEPENb K TEXHUUYECKOMY mepcoHaiy. MccimenoBaHue HaHHOW MOpo-
OJIeMBI JTaeT TIOHUMaHHe, YTO Hauboyiee BaHOU 3amadeit sBisgerca dddekruBHOES
HCITOJI30BaHHE YEIIOBEYCCKHUX PECYPCOB B COBPEMEHHBIX, BEChbMa CIIOXKHBIX 001IIe-
CTBEHHO-TIOMUTHYECKUX ycioBusax. Cdepa CTpOUTETHHOTO MPOHM3BOICTBA U IKHU-
JIMIIHO-KOMMYHAJIBHOE XO3SIMCTBO MPEACTABISIOTCS OOHM W3 CaMbIX CIIOKHBIX
C TOUKHU 3pEHUS TEXHOJIOTUU U OPTaHU3alUU MPOLECCOB.

MeTtoabl W MaTepuaibl; pe3yabTarhbl. VH(DOPMAIMOHHBIC TEXHOJOTHH Ha
ocHoBe SCADA-cucrem (Supervisory Control And Data Acquisition), pacuetHo-
rpa)uYecKre MakeThl MOMOTAIOT COBPEMEHHBIM WH)XCHEpPaM B MPOCKTUPOBAHUH,
MOJIETUPOBAHUHN PA3JIMUHBIX TEXHOJOTHYECKUX PEKUMaX, BIJIOTh JO aBapUMHBIX,
a TaKke 00ecrevrBaTh KOHTPOJIb 3a YIPABISIEMBIMH IPOIECCAMHU B PEATbHOM
BpeMeHU. ABTOopamMH pa3paboTaH W BHeIpeH B 00pa3oBaTelbHBIH MpOIECcC KOM-
IUIEKC BHPTYAIBHBIX CTEHIOB UIS CHMYJSIMK (BOCIIPOM3BEAECHUS (DH3UIECKOTO
YCTPOKMCTBA U TpoIlecca MPOTrPAMMHBIME CPEICTBAMH), KOTOPBIM MO3BOJSET MPO-
BOJUTH OOyUYeHHE CTYIEHTOB TEXHWYECKOTO HampasieHus, cnenuainctoB JKKX.
KoMruieke COCTOUT M3 KOMIIOHEHTOB, KOTOPBIE JAlOT MPEACTaBICHHE 00 yCTpOu-
CTBE W MPHHIUIE ACHCTBHUS aBTOMATHU3UPOBAHHOW cucTeMmbl ympasienus (ACY)
MPUTOYHON BEHTWIISIITMOHHOM Kamepsl; UTII; cucteMbl OTOIJIEHUSI ¢ Ta30BBIM KOT-
JIOM YaCTHOTO JIOMa; Pa3JIMYHbIX TUIIOB PETYIATOPOB U MPUOOPOB yUeTa.
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Buptyansnsiii ctena «ACY npUTOYHOM BEHTHIISILUOHHOW KaMepbl» pealin3o-
BaH B cpeae LabVIEW, Beaymem mupoBom paspaborurke SCADA-cuctem.
OpoHTanpHas MaHeJIb MOXKET MPEACTABIATH QYHKIMOHANBHYIO CXeMY, IPUOOPHYIO
MaHes b, OCIuIorpad WiIKM Ipyroi, yAOOHBIA W 3HAKOMBIN JJIS TOJIB30BATEIS WH-
Tepdeiic.

B BepxHelt yacTu cxema caMOd MPUTOYHOM KaMepbl C OCHOBHBIMH 3JIEMEHTa-
MH ¥ TOYKaMHU U3MEPEHHs TeMIepartyp: HapyxkHoro Bo3ayxa (TEHap); mpurouHoro
Bo3ayxa (TEnB); Bozayxa B momemniecaun (TEBH). Cremnens 3acopenus (QuibTpa
KOHTponupyetcs auddepeHmansupiM ManomeTpom DPE, Ha Onok-mmarpamme
BBIZICJICHO cepoil pamkoi ¢ ob6o3HadeHueM (). CpadaTbiBanue nHIUKaropa (Kpac-
HBIH 1BET) 3acopeHust QUIIbTpa «HUIBTP» 3aqaeTCs CIyYailHbIM 00pa3oM M HOCHUT
WJUTFOCTPATUBHBIN XapaKTep.

3akiouenne. ONBIT HMCHOJIB30BAHHUS BHUPTYaJbHBIX CTEHAOB M LU(PPOBOTrO
Moaenuposanns [1-3] B 0Opa3oBaTeIbHOM TIPOIECCE TOKA3al BBICOKYIO d(dek-
TUBHOCTb 3a CHET HArJISIIHOTO MPEICTaBICHUS MaTeMaTHYEeCKUX M JIOTHYECKHUX
B3aMMOCBSI3eH TIPH OMHCAaHWUM MOJENN pealbHOro oOopynoBanms. [IpuMeneHue
rpaguueckoro s3pika G JaeT HOHUMaHUEe OCHOB IPOTPaMMHUPOBAHUS NaXKe JIFOJISM,
HE 3HaKOMBIM C 3TOH cepoil 3Hanuid. Y cBoeHne npuHUUNOB paboTel ACY oueHb
BaYKHO IS OKCIUTyaTHPYIOIIETO TIepCcoHana sl obecredeHus: HaJexKHo u Oe3aBa-
pHiiHON PaboTHl 00OPYAOBaHMS, KPOME TOIO, IO3BOJISIET MpPOINE NEePEeXOJUTh Ha
coBpeMeHHbIe cIIoco0BI yrpaBieHnus Ha ocHoBe SCADA-cucrewm.

CnMUcoK UCTOYHUKOB

[1] Amnmudpepor C.A., Uupkosa E.B., Bepracos N.O. Pacuer yTemnsieHns: HapyKHOTO yriia Ha OCHO-
Be muudpoBoro wmoneiuposanus. Cypckuit  gecmuuk, 2024, Ne 1(26), c. 46-51
http://doi.org/10.36461/2619-1202_2024_01_008
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KOHJIEHCATa Ha CBETOIPO3PAYHBIX OTPaXKICHUSX. JKunuuyHoe X03a1cmeo u KOMMYHANbHAS UHGpa-
cmpyxkmypa, 2024, Ne 2 (29), c. 35-43. http://doi.org/10.36622/2541-9110.2024.29.2.004

[3] Kyuepenko M.H., Cuzenko O.A., Jlenoug O.B. PazpaboTka pexxMMHOM KapThl paboThl CHCTEM

BEHTWISAIIMKM B MHOTOKBAPTHPHBIX JKHJIBIX JIOMaX. PecuoHanvhas apxumekmypa u cmpoumens-
cmeo, 2017, Ne 3 (32), c. 160-164.
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Annomayusa. B cmamve npogooumcsi KOMNIAEKCHbIN aHATU3 apXUMEKMYp COBPEeMEHHbIX
meoic6anxoeckux naamescnovix cucmem (MIIC). Hccnedosanue gorkycupyemes na 260mio-
Yuu apxXumexmypHuix mMooeneii — om YeHmpaiu306aHHbIX Uepapxuieckux cucmem K pac-
npeoeneHHbIM IKoCUCmemMam u 2ubpuonvim niamgopmam. Ocoboe enumanue yoensemcs
enuAHUIO maxkux mexsonozui, kax APl u obraunvie gviuucienus, Ha yCmouuu8oCms, Mac-
wmabupyemocmo u 6ezonacnocmo MIIC. B pabome cucmemamusupogamsl Kiiouegule Gbl-
308b1, 6KIIOYASL NPOONEMbL 2UOKOCIU, KUOEPYePO3 U PecyIAmOpHO20 coomeemcmaus. Pe-
3YILIMAMbL UCCIEO08AHUSA NO3BOAAIOM UOCHMUDPUYUPOBAMb MEeHOCHYUU U NePCHeKMUEHbIE
Hanpasnenus pazsumus apxumexmyp MIIC, ymo umeem 3uauenue 015 ux NPOEKMUPOBAHU
U MoOepHu3ayuu.

Kniouesvie cnosa. unancel, bankosckas cucmema, NAAMENCHASL CUCMEMA, TOP2060-
cepsucHoe npednpusmue, SIKOCUCMeEMAd, RIAM@opMa cepeucos, UHPOPMAYUOHHAsL CUCmemMa

BBenenue. B Hacrosmee BpeMsi HaOMIOMAETCS aKTUBHOE Pa3BUTHE OaHKOBCKOU
coepsl. Pemrenus, uMeromye iaThOpMEHHYIO apXUTEKTYpy, MO3BOJSIIOT OaHKam
obecreunTs craHmapTusupoBaHusie uHTEpdeiics (API), cHIKAIOT TpaH3aKIIHOH-
HBIE M3JICPXKKH 33 CUET YCTPaHCHHs IOCPEAHHUKOB W aKKyMYJIHPYIOT IaHHBIC
Y CEpBUCHI MPOBaiepoB Ha equHol Tuiathopme Omuoka! UCTOYHUK CCHLTKH He
HaiifeH.. Llensio paboTH SBIIAETCS aHANNU3 PAa3BUTHA TUIAT(GOPMEHHBIX PEIICHUNA H
UHPOPMaIMOHHBIX 9KOCHCTEM
B MYJIFTHOAHKOBCKOM IIaTeKHOU cdepe. 3a7aun UCCle0BaHuU:

1) cucTeMaTH3UpOBaTh CYIIECTBYIONIAE ApXUTEKTYPhI IIATHOPMEHHBIX pe-
HICHUHM B MJIATEeXHOW MHAYCTpHH (MIaTGOpMBI-arperaTopsl, MmIaTGopMbI-HH(pa-
CTPYKTYPBbI, 3KOCUCTEMHBIE OPKECTPATOPHI);

2) NpoaHaTM3UPOBATh APXUTEKTYPHBIE OCOOCHHOCTH M TEXHOJIOTHYECKUIN CTEK
(Muxpocepsucsl, APl-MeHeKMEHT, 6€30IaCHOCTE) TAKKUX ILIAT(HOPM;

3) BBISIBUTH KITFOUEBbIC (DAKTOPBI ycrexa Ul yY4acTHHKOB KOCHCTEMbI (10-
CTYTI K TAHHBIM, KQU€CTBO MOJIb30BATEIBCKOTO OMbBITA, CKOPOCTh HHTETPALIHH).

O1LIeHHUTh PETyJISITOPHBIE PUCKH M BBI30BbI (0€30MaCHOCTh TaHHBIX, AHTHMOHO-
HOJILHOE PEryJIMPOBaHKe, PELUICHHE AUCITYTOB).

MeTtoabl U MaTepuajbl, pe3yJbTaThl. B kauecTBe MeTOA0B HCCIETOBAHUS
B paboTe HMCHOJB3YETCS aHAIM3 apXHUTEKTYp BEIYNIMX POCCHUICKHX M MEXIyHa-
POIHBIX TUIAT(OPMEHHBIX PEIICHUH, CONOCTABICHUE PA3IMYHBIX OM3HEC MOJelnei
(B2B, B2B2C, B2C). HccienoBanue aHaIn3UpyeT BaKHOCTh BHEIPEHHS HOBBIX
TEXHOJIOTHIA, PHIHOYHOW KOHKYPEHIIMHM, U3MCHEHUS B CKOPOCTH BHEIPCHUS IjIa-
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TexHblx cucteM 0. Bynyiiee mnaTe:KHbIX HHCTPYMEHTOB 3aKJIIOYAETCSI B MCIIOJIb-
30BaHUM TEXHOJOTHYECKUX TCHICHIMUA JUIS CO3JaHus OoJiee PEBOJIIOIIMOHHOMN
1 IOCTYTIHOU TIaTeXHOM sKkocucTeMsl 0.

OcHoBHBIE pe3yJbTAaThbl U BBIBOABI. [JOMHUHUPOBAaHHE B IUIATE)KHOW WHIY-
CTPUH NEPEXOIUT OT 3aKPBITHIX MPONPUETAPHBIX CUCTEM K IIIaTGOPMaM C OTKpPHI-
Toii APl-0pHeHTHPOBaHHON ApXUTEKTYPOM, YTO MO3BOJAET OBICTPO MOIKIIOYAThH
HOBBIX YYaCTHHKOB U 3allyCKaTh WHHOBAIIMOHHBIC MPOAYKTHL.. B KOHKYpEHTHOI
00pbOe MoOEKAAIOT IKOCHUCTEMBI, KOTOPbIE 3P PEeKTHBHEE COOUPAIOT, AHATTU3UPYIOT
U MOHETU3UPYIOT JaHHBIE O IJIaTeXaxX W MOBEJICHHH TOJIb30BaTele, mpejiaras
NEPCOHAIN3UPOBAHHBIE CEPBUCHL. BaHKM PHUCKYIOT MPEBPAaTUTHCS B MOCTABIIUKOB
0a30BBIX yCIyr Ha nepugepuu IUIaTeKHBIX YKOCUCTEM, €CIIM HE 3aiiMyT B MX pas-
BUTHH aKTHBHYIO TIO3UIHIO. BBISBICHBI CHCTEMHBIE PUCKH, CBS3aHHBIC C KOHIICH-
Tpauued NaHHBIX W 3aBHCUMOCTBIO OT MH(PACTPYKTYpBl €IUHOW MIaT(opMHl,
a TaKke KHOEPPHUCKH.

3akmouenne. [IpoBeeHHOe UCCeIOBaHUE IEMOHCTPHPYET, UTO IIATEKHAS
chepa mepexuBaeT (GyHAAMEHTAIbHYIO TPaHC(HOPMALUIO. OT KOHKYPEHLIHH OT-
JEeNbHBIX UHCTUTYTOB K COMEPHUYECTBY MHTETPUPOBAHHBIX IIAT(GOPMEHHBIX KO-
cucteM. KimroueBsiM (hakTOpoM ycrexa B HOBOM MapagurMe CTaHOBHTCSI CHOCOO-
HOCTHb BBICTYNaTh OPKECTPATOPOM IU(POBOTO B3aUMOJAEHCTBHS, 3((HEKTHBHO
YIpaBJisis JaHHBIMH U CO371aBasi MAKCUMAIBHYIO LIEHHOCTD JJIsl BCEX YYACTHUKOB.

CrucoK UCTOYHUKOB

[1] Ahmed M.R., Meenakshi K., Obaidat M.S. et a. Blockchain Based Architecture and Solution
for Secure Digital Payment System. IEEE International Conference on Communications (ICC
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2 IHCmMUmym 3eMHO20 Ma2Hemu3ma, UOHOCepb U pacnpocmpaHeHus paduosonH PAH
um. H.B. lywkosa, Mockea, Poccusa

Annomayusn. Paccnompena opeanusayusi 6epxne2o Ciosi CUCeM A8MOMamu3ayuu Hayy-
HbIX UBMEPEeHUil HA 0CHO8e az2enmosd bonvuux asvikosvlx modeneil (BAM). Ilpedcmasnena
uepapxus azenmos. 0asosvie unmepghelcHvie MOOYaU, CREYUATUIUPOBAHHbIE IKCHEPNibl
u azenmul-opkecmpamopbwi. Iloxazano, ymo npediodcennas apxumexmypa obecneyusaem
uHme2payulo paouoPuzUYecKux OaHHuIX, eUOKoe YNPAGleHUe UHCMPYMEHMAMu U Nnoo-
0epIHCKY ecmecmBenHo-s3bIK06blX 3anpocos. Ocoboe GHUMAHUE YOeNeHO MYIbIMUMOOATb-
HbIM MOOeIAM, 00beOUHAIOWUM MEeKCM, YUCLo8ble psaovl u uzobpascerus. Coenanvl 8vbl60-
Ovl, umo npumenenue bAM-acenmos noszeonsiem noGvICUMb  8OCHPOUZEOOUMOCIb,
a0anmueHOCMy U 00BACHUMOCHIb UCCLE008AHULL, d MAKICe UCHOIb308AMb PA3PAOOMKY Ols
MOHUMOPUH2A UOHOCHEPDL U 3a0ad C53U.

Knioueeswie cnoea. bBSIM-acenmol, MHO20G2eHMHAS APXUMEKMYPA, OPKECMPAayust, Mya1bmu-
MOOANbLHOCHb, paduouauieckue usmepeHus, UOHOZPAMMA

BBenenne. CucrteMbl aBTOMATH3aLMK HAYyYHBIX M3MEPEHHIH BCErAa TPaJHIOHHO
CO3/IaBaJIUCh B MOHOJIUTHOM apXUTEKType (BapraHT — KOHIJIOMEPTaM MOHOJIUTOB,
«IIaKeT MPOrpaMmM»), MyCTh JaKe apXUTEKTypa BHYTPSHHEW peaii3aliid MOHOJINTA
obajiajia MHOTOYPOBHEBOCTBIO U JPYTMMHU MPU3HAKAMH Pa3BUTON EKOMITO3HIIUH
[1]. CoBpeMeHHBIE TEXHOJIOTHUECKHE M METO0JIOTHYECKHE BO3MOXKHOCTH 3aCTaB-
JSIOT 33/[yMaThCsl O MPEHMYIIECTBAX MHOTOAreHTHOW apXUTEKTYPBI ISl MOCTPOE-
HUA YKa3aHHBIX CUCTEM.

Metoasl U Matepuansbl; pe3yiabTaTbl. ClIO MHTEICKTYyaJIbHBIX arcHTOB
Ha OCHOBE OONBIIMX sI3bIKOBBIX Mojenel (BSIM) npenHaszHaveH Uit HHTErPALMU
JAHHBIX Pagio(U3NIECKUX U3MEPEHUI ¢ BHEITHUMH MCTOYHUKAMU 3HAaHUH M aHa-
JUTUYECKUMH HHCTPYMEHTaMu [2]. B oTinune oT HIKHUX YPOBHEH, e npeodia-
JarT (HOpMaNTN30BaHHbBIC aJITOPUTMBI M TIOTOKOBasi 00pabOTKa CHTHAJIOB, BEPXHUI
cloi oOecrieunBaeT rHOKYI0 MHTEPIPETAINIO, TPUHATHE PEIICHUH U (pOopMHUpOBa-
HHE CTpaTerdil SKCIIEPUMEHTOB. APXUTEKTypa BEPXHEro cJIosi uepapxuyHa. bazo-
BbIC ar€HThBI NPCAOCTABIAIOT I/IHTep(i)eI\/'ICI)I K JaHHbIM H I/IHCprMCHTaM: OT BbI3OBa
npouenyp ¢puiabTpanuu curaaioB 10 SQL-3anpocos. Beimie pacnonoxkeHs! crenu-
QIM3UPOBAHHBIC AreHTBI-OKCIEPThI Ul aHalIW3a HOHOIPaMM, COIMOCTABIICHUSI
C MOJEJSIMH MHOTOJYYEBOCTH, IPOTHO30B COCTOSIHUS PaJMOJIHHUMA. YTpaBlieHUE
KOOPJIMHHUPYIOT areHThI-OPKECTPATOPbI, paclpeIessIoue 3a1au 1 MO IepKUBa-
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IoIIKe auanor ¢ uccienonarenem [3]. Takas opraHuzanusi 00eCIeunBaET MOIYJIb-
HOCTh W aJIaliTUBHOCTh, YIPOIas MacliTaOMpOBaHME TOJI HOBBIC 3amayu. Bxon-
HBIMH JIJAHHBIMU CITy>KaT apTe(aKThl HIDKHUX YPOBHEH: OTCYETH ONU(POBAHHOTO
CHUTHAJIa U3MEPUTEIHLHON aIapaTyphl, CIIEKTPHI IIOMEX, TPEKA MOI U Jp. ATSHTHI
TaK)Ke MPUHUMAIOT €CTECTBEHHO-3BIKOBBIE 3aIPOCHI U NMPE0OPA3yIOT UX B BHI30BHI
WHCTPYMEHTOB — (MIBTPOB, BU3yallM3aTOPOB, TpadoBOil MOICHCTEMBI IPOHC-
XOXIeHUS MaHHBIX. Oco00e BHUMAHUE YSISIeTCs] MyIbTUMOJANbHOCTH. Hayunbie
JIAHHBIC YaCTO BKIJIFOYAIOT TEKCTOBBIC OMMCAHUS, YACIOBEIC PSAABI U M300paKeHUS
(Hanpumep, HOHOTPaMMBI). MyJIBTHMOJAIBHEIE MOJENN CIIOCOOHBI OOBEIUHSTDH
3TH (popMaThl, TOBHIIIAs KaYeCTBO aHAN3a M JUATHOCTHUKH, XOTS OCTArOTCS BO-
MIPOCHI COTIIACOBaHMS (POPMATOB M BOCTIPOM3BOIUMOCTH PE3yIbTATOB.

OYHKITMOHUPOBAHUE BEPXHETO YPOBHS CTPOUTCS HA pacHpelelICHHOM YIIpaB-
JICHWH: areHThI PEUIatoT y3KHUe 33Ja4H, a OPKECTPATOp 0OECIeYnBaeT COTJIACOBAH-
HOCTh M OaNaHCHPOBKY Harpy3Ku. JTO MO3BOJIIET ObICTPO HapammBaTh (yHKITHO-
HaJ 0e3 u3MEeHEHHs 0a30BOIl JTOTHKH.

3akaouenue. Vicnons3zoBanne bSIM-areHToB o0sierdaeT co3gaHre BOCIIPOU3-
BOJUMBIX M aJIallTUBHBIX CHUCTEM, IPUMEHHUMBIX, Pa3yMEETCs, HE TOJBKO B PaIHo-
(PU3NIECKUX UCCIIETOBAHUSX.

CnMUcoK UCTOYHUKOB

[1] Iupeiit A.O. ANropuTMBI H MPOrpaMMHOE 00ECTICYeHHEe aBTOMATH3AIMH MPOLECCOB H3Mepe-
HUH U 00pabOTKM JaHHBIX ONEPATHBHOW AMATHOCTHKH HOHOC(HEPHI U MOHOC(HEPHBIX PaaHOIIH-
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[2] Zhang W. et a. AgentOrchestra: A Hierarchical Multi-Agent Framework for General-Purpose
Task Solving. URL: https://arxiv.org/abs/2506.12508 (accessed 18.09.2025).
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Annomauus. Ilpogedena anpobayusi memooa oyeHUBanUs NUCLMEHHbIX 3a0anull Ha b6aze
2pagos 3Hanull 6 cpasHeHuu ¢ oyeHusanuem mekcmos. Ilokazano, wmo oyenxu, noiyueH-
Hble 08YMsL Memooamu, umeiom meHoeHyuio K cosnaodenuio. Ilepexoo x oyenuganuro Ha
baze epaghos nozeonsiem yckopums npogepky u yumu om UH-nracuama.

Kniouesvie cnosa: epag) snanuil, nucomennas paboma, oyeHueanue, svicuiee oopazoeanue

Beenenue. Pacnipoctpanenue reneparuHoro MU oboctpuiio npobiemy akaje-
MUYECKON YECTHOCTH, ClIeJIaB OSCCMBICICHHOW MPOBEPKY TEKCTOB Ha 3aMMCTBO-
Bauus [1]. DTo mMpHBENO K CMEHICHUIO aKI[CHTAa HAa TBOPYECKHE 3alaHMs, 4TO,
B CBOIO OYepellb, CYIIECTBEHHO YBEIUYMIIO TPYA03aTpaThl MpernoaaBareieil Ha ux
npoBepky [2]. Bo3Hukia He0OX0AUMOCTh B HOBOM METOJE OICHKH, KOTOPBIH ObI
HuBenupoBan pucku MM-nnaruara u aBToMatu3npoBai mpouecc nposepku. Llens

WCCJIEeIOBaHUs — ampoOarsi MeToja OLEHKUA IMHUChMEHHBIX pa0dOT Ha OCHOBE
cpaBHEHHUs TpadoB 3HAHWN I pemieHus npoOnembl MM-turarnara u CHIDKEHUS
Harpy3Ku

Ha MpernojaBaTeiei.

MeTtoapl U MaTepHAIbI, pe3yJabTaThl. 3amaun: 1. PaspaGorars MeTOMUKY
MOCTPOCHHUS STATIOHHOTO Tpada 3HaHHU MO y4eOHO#H Teme W rpadoB Ha OCHOBE
CTyaeHYecKnX pabot. 2. [IpoBeCTH CpaBHUTENBHBINA 3KCIIEPUMEHT: OIEHUTH OJHH
MaccuB paboT TPaJUIHOHHBIM METOIOM H MPEIOKCHHBIM rpadOBBIM METOIOM.
3. ComocTtaBuTh pe3yabTaThl M CIEIaTh BHIBOA 00 3()(EKTUBHOCTH U MIPUMEHHUMO-
CTH METOJIa.

Metomoaorusi. B uccienoBanuu y4actBoBain 16 MarucTpaHToB, BBITOJHEHO
36 nmuckMeHHBIX paboT 10 Kypey «MeauarpaMoTHOCTE». J[iis Kax10ii TeMBbI ¢ 1o-
moreio cepsuca Knowledge Graph Maker u neiipocetn Deepseek Ha ocHoBe Ma-
TEPHATIOB Kypca CO3/aBajiCsl STAIOHHBIN rpad 3HaHuWi. ['padsl MO CTyAEHUYCCKUM
pabotam CTpomIUCh aBToMaTHueckd. OIeHKa BRICTABISIIACH HA OCHOBE CPABHEHHUS
ATAIOHHOTO U CTYJEHYECKOro IpaoB MO TPEM KPUTEPHUSIM: COOTBETCTBHE Y3JIOB
(koHITETITOB), COOTBETCTBHE pebep (B3aMMOCBs3€H) U JIOTHYECKas CTPYKTYypa.

Pesyabtarhl. 1. OLEHKH, BHICTaBIEHHBIE TPAIUIHOHHBIM ¥ TPa(OBBIM METO-
J[aMH, TTOKa3alli TCHACHIUIO K COBMAJCHUIO MO YPOBHAM (OTIHYHOY, «XOPOIIO»
U T. 1.). 2. OOHapyKEHBI OT/IENIbHBIE CIyYaH CYIIECTBEHHBIX PACXOXKICHUIA, Tpe-
Oyromie qanpHeiero udydenus. 3. [Iporecc mocTpoeHus rpadoB ¢ UCMOTb30Ba-
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HHEM COBPEMEHHBIX MHCTPYMEHTOB HE SBIIsieTCA TpyldoeMKuM. 4. Buzyanuzanus
CMBICIIOB B BHJIE rpada ynpouiaeT U YCKOpSeT NpOoLUeAypy OLEHKHU MO CPaBHEHHIO
C aHAJIM30M CIUJIOLTHOTO TEKCTA.

3akaouenue. [IpetokeHHBIN METOT Ha OCHOBE TpadoB 3HAHUHN JOKa3all CBOIO
PaboTOCTIOCOOHOCTH M UMEET PSAZ KIIOUYEBBIX MpeuMyInecTB: 1. DkoHOMUS pecypcoB:
Hepexo OT padOThI C TEKCTAMH K aHAJIU3Y CMBICIIOBBIX CTPYKTYP YCKOpPSIET IPOBep-
Ky. 2. bopsba ¢ UM-mmaruaTom: Ui TeHepanyu «IpaBHILHOTO» TEKCTa CTYICHTY
HE0OX0IMMO TIIyOOKO MMOHUMATh TEMY, YTOOBI COCTABUTH KOPPEKTHBIN MPOMIIT, YTO
MaJIOBEpOATHO Oe3 m3ydeHus: MatepuasioB. 3. HarisaHocts: rpad HarisiiHoO JeMOH-
CTPHPYET NOHUMAHUE CTYACHTOM TEMBI U BBISBIISICT POOETIBI.

IlepcniekTnBOM HcciaenOBaHUs ABISIETCS pa3padoTKa 4eTKHX (hopmannu3oBaH-
HBIX KpUTEPHEB CpaBHEHUS TpadoB I MOTHOM aBTOMATH3aLUH MTPoIiecca OLCHKH.

CruUCcoK UCTOYHUKOB
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Annomayusn. [Iposedeno ucciedosanue memooos Kiaccupurayuu OUmMKOUH-aopecos, cesi-
3AHHBIX € PA3TUYHBIMU CEPEUCAMU, HA OCHO8E CIMATNUCINUYECKUX NPUSHAKOS MPAH3AKYUOH-
HOU GKMUBHOCMU U HA OCHOBE 8EKMOPHLIX NpedcmasieHutl 320-cemell aopecos. Pesynb-
mamul NOKA3GAU, YMO NpPUMEHeHUe 3MOe00UHe08 U HelPOHHbIX cemell obecneuusaem
3HAUUMeNbHO O0/lee 8blCOKUe noKazamenu Kiaccuguxayuu. Paboma noomeepocoaem 3¢h-
Gexmusnocmv epagosvix moodenell U MAUWUHHO20 00yuenus Oisl AHAAU3A CIMPYKIYpbl
MpaH3aKyuil @ cemu OUMKOUH.

Kniouesvle croea. bumxoun, anams mpaH3akyull, Cepeuchbl-mMukcepvl, Mawunnoe ooyue-
Hue, Kiaccugurayus aopecos, 320-cemu, graph2vec, ombeoounzu

BBenenue. B Hacrosimiee Bpemsi pacTeT MHTEpEC K aHa W3y TPAH3AKIMHA B CETH
OuTKOMH, a 0c000e BHUMaHHE YIesIeTcsl cepBucaM-Mukcepam [1], koTtopeie mo-
BBIIIAIOT aHOHUMHOCTD ITyTE€M HEepeMELINBaHUs CPEICTB Pa3IMYHBIX MOJIB30BATE-
neil. B pabore paccMOTpeHBI METOBI KiTacCU(UKAITIN OUTKOMH-aJpeCcOB CEPBHUCOB
Ha OCHOBE Pa3JIMUHBIX IPU3HAKOB X TPAH3aKLIMOHHOW aKTUBHOCTH.

MeToabl U MaTepuaibl; pe3yJabTaThl. [ xiaccupukanmu Obu COOpPaHBI
JaHHbIe U3 OTKpbITOro ucTouHnka WalletExplorer [2], Bxiouaromue aapeca MUK-
CepoB, OUPIKEBBIX CEPBUCOB M UIPOBBIX IuaTdopm. PaccmarpuBanmck nBa moaxo-
Jia K Knaccu(UKaluK: Ha OCHOBE CTATUCTHYCCKUX MPU3HAKOB U Ha OCHOBE BEKTOP-
HBIX [IPEICTABIICHUN ATO-CETEU aIpeCOB.

B mepBoMm ciyuae mis kaxkaoro aapeca GpopmupoBaiicss Habop u3 8 mpu3HaKoB!
o011ee KOJMYECTBO TPaH3aKIMH agpeca B Ka4eCTBE OTIPABUTENS HIIH TOIydaTes,
CyMMa CpEJICTB, MOCTYNMBLIMX M BBIBEACHHBIX C ajpeca, CpeiHee 3HaYeHHEe BXO-
JSIIIUIX ¥ ACXOJISIINX MIEPEBOJIOB, BPEMsT MEX/Ty MEPBOI U TOCIIeIHEH TpaH3aKIuel
aapeca. Pe3ynbraTel kiaccu(uKaliu MpecTaBlIeHbI B Ta0. 1.

BTopoil moaxoa OCHOBBIBAJICS HA MOCTPOECHUU 3rO-CETEH agpecoB. Dro-ceTh
azipeca MpeACTaBIsAeT co00il JOKaIpHBIN moarpad, CTPOSAIIMICS BOKPYT BHIOpaH-
HOTO y3Jla ¥ BKIJIIOYAIOLIMHA €ro cocenieil. Oro-ceTd aJpecoB HUCIONb30BAINCH IS
U3BJICUCHHST BEKTOPHBIX MPEICTABICHUI C MOMOIIBI0 anropurma graph2vec [3].
[Mony4yeHHble SMOCIAMHTH WCIONB30BAINCH U KiacCU(UKAIMH aApEcoB C II0-
MOIIBI0 MOJIENIel MAaIIMHHOTO 00y4eHus. Pe3ynpTaTel peacTaBIeHsl B Ta0II. 2.
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Tabauya 1
Pe3ynbTaTsl KIaccuUKAIUM MO CTATUCTHYECKUM MPH3HAKAM
Mopeas Ao BepHEIX = TounocTh Honnora F1-mepa
Kaaccupuranmin
Jloructuueckast perpeccus 0,431 0,517 0,497 0,408
I'pagueHTHBII OyCTHHT 0,720 0,690 0,534 0,556
CrnyJaiiHblii j1ec 0,629 0,508 0,503 0,504
Tabruya 2
Pe3yabTaTsl KiIaccupUKALUM HA OCHOBE BEKTOPHBIX NPeACTABJICHUI
Mogaeanb Ao BepHEIX " TounocTh Ioanora F1-mepa
Kaaccupuranuin
Jloructuueckast perpeccus 0,854 0,755 0,818 0,775
I'panueHTHBII OyCTHHT 0,959 0,966 0,846 0,874
CrnyyaiiHblii j1ec 0,940 0,904 0,830 0,857
Heifiponnas cetpb 0,979 0,951 0,952 0,951

Hcnonp3oBaHre BEKTOPHBIX IMPEACTABICHUN MO3BOJWIO 3HAYUTEIBHO YITyd-
IIUTH ToKa3atenu. HelipoHHast ceTh, oOydeHHas Ha 3MOEIIMHTax, JIOCTUIJIA TOY-
Hocth o 0,98 m mokasana yCcTOHYHMBOCTH K AMCOANaHCy JaHHBIX. DTO MOITBEp-
)KnaeT d()PEeKTHBHOCTh TPHUMEHEHHS TpadoBBIX MOENed W IMOCIIUHTOB IS
aHalnM3a CTPYKTYPhl TPAH3AKITHA.

3akaouenue. JlanHas paboTa Mokaszalia, 9TO METO/bl MAITUHHOTO 00ydYeHUs
MO3BOJISAIOT 3P (HEKTUBHO KiIaCCU(PHUIIMPOBATh OUTKOMH-apeca cepBucoB. [lomxon
HAa OCHOBE CTaTUCTHYECKUX MPU3HAKOB 0OecrieunBacT 0a30BbIi YPOBEHb TOUHOCTH.
IMpumeHenne >MOEIIMHIOB Ha OCHOBE anroputMma graph2vec maer BO3MOKHOCTE
JIOCTUYb BBICOKOW TOYHOCTH M YCTOMYMBOCTH K IIIYMY U AUCOAIAHCY JaHHBIX.

Cru1coK UCTOYHUKOB
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Bbi6op runoTesbl Npy 0HOBPEMEHHOM CONMPOBOXAEHUM
BO3/YLIHOTr0 06beKTa JIMHEeNHbIM U KBaApPaTU4HbIM (pUbTpamMm
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MAO «HI0 «Anma3» umeHu akademuka A.A. PacnnemuHa, Mockea, Poccus

Annomayusn. Ilpu conpogoscoenuu 8030VUHBIX 00bEKMO8 NPUMEHAIOM 00HO8PEMEHHOe
cenadcueanue TUHEHbIM U KeaopamuuHbiM urbmpamu. Paccmompena npoyedypa npo-
8epKU NPOCMOU CIAMUCTUYECKOU 2UNOMe3bl. KOOBEKM 08UNCEMCS ¢ NOCMOAHHOU CKOPO-
CMBIO» UIU €OOBEKM MAHEeSPUpPYem.

Knroueswie cnosa. svloop eunomesvi conposoxicoeHuss 00vekma, TUHetnblll Quibmp, K6ao-
pamuunblil puibmp, obHapysicenue Maneepa, OYeHKa YCKOpeHus

BBenenue. Bo MHOTHX TpWKIIaAHBIX 3a/1adaX BO3HHWKAET HEOOXOIMMOCTH OIIEHU-
BaHMs NapaMeTPOB IBIKEHHUS OOBEKTA MO COBOKYNHOCTH E€AWHUYHBIX 3aMEpOB
(E3). Ix OCHOBHOE colep)kaHWe — MPUBI3AHHBIC KO BPEMCHH HU3MEPEHHS KOOp-
JIUHAT U MoKa3aTenu KadecTBa ux usmepenuil. [lo cookynnoctu E3 Berancistorcs
OLICHKH MapaMeTpOB JABMKEHHS CONPOBOXIaeMbIXx BO (mpuBsi3aHHBIC KO BPEMECHHU
KOOPAMHATBI, CKOPOCTH H, TIPH HAJTMYIUH MAaHEBPa, YCKOPEHHS).

B nacrosmee Bpems Ipy CONMPOBOXAECHUU YacTO MPUMEHSETCS OJHOBPEMEH-
HO€ CTJaXMBaHWE JMHEWHBIM W KBaApaTHYHBIM ¢wmibTpamu. Ho mpu Bbmaue
WHQOpPMaH MOTPEOUTENI0 HEOOXOJUMO BBHIOpATH Ty WM HHYIO TPAaCKTOPHIO.
[pyrue cnoBaMu, Halo NPOBEPUTH MPOCTYIO CTATUCTHYECKYIO Tumoredy: «BO
JIBUKETCS IPSAMOJIMHENHHO U paBHOMEpPHO» uii «BO MaHeBpupyeT».

Marepuajbl U MeTOABI; pe3yabTaThl. B [1] onepauuto oOHapyxeHHs: Ma-
HEBpa MpeAjiaracTcsi paccMaTpuBaTh Kak MPOBEPKY MPOCTOM CTATUCTHUYECKOW Td-
MOTE3bI: «OOHApYKEH MaHeBp». Tor/aa KauecTBO MPUHATHS PELICHUS XapaKTepu3y-
eTcs YCIIOBHBIMU BEPOSITHOCTSMH. NPAaBMWIIBHOTO OOHapyskeHHs MaHeBpa Prowm;
JI0KHOTO HeoOHapyxKeHHs MaHeBpa Py =1— Py, NPaBUIBHOIO HEOOHApYKe-
HHS MaHeBpa Py J103KHOTO 00HapyskeHust MaHeBpa Py =1— Py -

IlycTe 1o pe3ynpTaTamM NOJMHOMHAIBHOIO crilakuBanusd E3 nosydeHa oneHka
YCKOPEHHUs & 10 OJHOM M3 KOOPAMHAT. JTa CilydaiiHas BEJIWYMHA, OOJNagaeT He-
CIIy4JalHBIM IOKa3aTelleM — IUCTIEPCHEN OMMOKH M3MEPECHUS 0621. Bo3mMoxHOCTB
OLIEHKHM TEKYIIMX 3HaueHUU Priom IpU (UKCUPOBAHHOW BeMMYHHE Pjion Ha OCHOBE
aHaaM3a OUEHOK A U Gi WIIIOCTPUPYET PUCYHOK. TaM M300pa)keHbl IOTHOCTH
pacmpeneneHusl BEpPOSITHOCTEH OLCHOK YCKOPEHHsS MNpU OTCYTCTBHM MaHEBpa

Po(8), n npu ero Hanmuun Py (@). Torma st oOHapYKEHUST MaHEBPA BBICTABIIA-

€TCsl TIOPOT @7, P MPEBBIIICHUU KOTOPOrO 3HAYEHUEM A MPUHUMAETCS PEIECHHE,
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yro BO ManeBpupyer. Jlucnepcus OLEHKH YCKOPEHUs Ul IJIOTHOCTH paclpene-
JICHUsI BEPOSITHOCTEH Ha PHUCYHKe, a) OoJbllle, 4eM Ha pHCyHKe, 0). UeM TouHee
OLIEHKA YCKOPEHUs, TeM 0oJbIIe Priowm.

a) 6) ) Po(a) 4 ACY

Rxosc P

A4

0 @

MnotHoCTM pacnpepenexna BEpOﬂTHOCTeVI OLLEHOK YyCKOpeHUa

B noknane mpejicTaBieH MaTeMaTHYeCKH anmapart [2], mo3BOJSIOLIMA MOJTy-
YHUTH OLIEHKH YCKOPEHUs U ero aucriepcud. [Ipennaraiorcs myTH IpOBEPKH JOCTO-
BEPHOCTH OIIEHMBAHUS JUCIEPCUN MU3MEPEHHUS] YCKOPEHHS 3a CUeT UMHUTALUHU JIBU-
xeHust BO ¢ mocTOsSIHHOM CKOpPOCTBIO U yCKOpeHHEM. Pe3ynbTaThl TpaeKTOpHOU
¢unbrparmu [3] cpaBHUBAIOTCS C ATAJOHHBIMH 3HAUCHUSMH M PACCUUTHIBAIOTCS
peajbHbIe AUCTIEPCHH OLTHOOK U3MEPEHUs yCKOPEHUSI.

3akaiouenne. B cOOTBETCTBHM C OCHOBHBIMH TTOJIOKEHHUSAMHU TEOPHUHU TIPOBEP-
KM CTAaTUCTHYECKHUX THIIOTE3 IIOJIydeHHBbIE 3HAYEHUS YCKOPEHUH W JUCIepCHUHU
omMOOK X W3MEPEHHsI TIO3BOJISIIOT OLIEHUTh TEKYIME ITOKa3aTeIn KauecTBa oOHa-
pyxenuss ManeBpa Prom u Prom. IIpencraBneHHbIN B TOKIaAe MAaTeMaTHISCKHMA
anmapaT MO3BOJISET PAcCUUTaTh 3HAUEHUS YCKOPEHUHM M UX aucnepcuil. Moaenu-
pOBaHKE ITAJOHHOW TPACKTOPHH MOMOTAET OLIEHUTH JTOCTOBEPHOCTH ITOTyHYEHHBIX
OIICHOK.

Cru1coK UCTOYHUKOB
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Annomayus. Paccmompena unmeniekmyanbHds cucmema anaiusa OaHHbIX NOIb308ame-
neti CAIIP nanoCAD. [Ipedcmasnena ee moOyivHas apxumexmypa oasi c6opa nonv306d-
MENbCKUX 10208, 2eOMEMPUHECKUX U KOHMEKCMHbIX Oanubix. Tlokazano, umo npumenerue
MAUWUHHO20 00YUeHUs O ABMOHOMHO20 NPOPUIAUPOBAHUS, ONTMUMUSAYUU CIPYKINYDbL
NPOEKMO8 U HEUPOKOSHUMUBHBIX MEMO008 015l OUHAMUYECKOU NepCOHATU3AYUU UHMep-
getica cnudxcaem koeHumusHyro Hacpysky. Coenansi 86160061, UMO CUHEPSUA NOOX0008 NO3-
gonslem nepelmu Om CMAMUYHLIX UHCMPYMEHMO8 K A0ANMUSHbIM UHMELNEeKMYATbHbIM
cpedam, KapOUHATLHO NOBLIUATOWUM NPOUZBOOUTNENLHOCITD.

Kniouesvte cnoea. CAIIP, xoenumusnoe mooenuposaniue, MAwunHoe odyueHue, auaiu3
OAHHbBIX, ABMOMAMUIAYUSL

Beenenue. CoBpemennbic CAIIP SBISIOTCS CIIOKHBIME CHCTEMaMH JIJISI TIPOCKTHPO-
BaHUs O0OBEKTOB, TAKUX KaK 37]aHUS U MPOMBIIIICHHBIC YCTaHOBKH. VX sitpoM siBIis-
10TCsl MH(POPMAIOHHBIE MOAEIH, 00BETUHSIONINE TEOMETPHIO, TaHHBIE 1 CBOICTBA,
POCT CIIOXHOCTH U 00beMa MoJeield KOTOPBIX TpeOyeT ONTUMH3AINH 1 YCKOPEHUS
MPOIIECCOB MPOCKTUpOBaHusA. OJHUM M3 PEUICHUH CTaHOBSTCS WHTEIUICKTyallbHBIC
CUCTEMBI, KOTOPBIC AHAJIM3HUPYIOT ITaHHBIC HOHB?:OBaTe.HefI, qT00BI aaarTUupoBaThb
cpelly ¥ OKa3blBaTh KOTHUTHUBHYIO TOAACPKKY [1]. CoBpeMEHHbBIC HCCIIeTOBAHHS
COCPEIOTOYECHBI Ha TPEeX HAalpaBlICHHUAX. aBTOMATUYECKOE OmNpeielieHrne MpOQHIIs
TMOJIB30BATEIIA IO €ro MOBCACHUIO, IPUMCHECHUEC MAILIMHHOT'O o6yquI/1)1 JJIs1 OIITUMMU-
3aI[M1 MPOSKTOB U HEHPOKOTHUTHBHAS MEPCOHATM3AIHS HHTepdeticos [2].

ApXuTeKTypa cUcTeMbl cOopa NaHHbBIX. Pa3pa0oTaHHas cHCTEMa TPEICTABISET
co00i1 marhopMy Ui KOMILIEKCHOrO cOOpa, 00pabOTKH 1 aHAIM3a JJAHHBIX, TEHEPH-
PYEMBIX TOJIB30BATEISIMU B TIporiecce padboTel ¢ NANOCAD. ApxutekTypa cUCTeMbl
IMOCTpOCHA M0 MOAYJIBHOMY YCTHIPEXYPOBHCBOMY l'[pI/IHHI/IHy: IIOJIB30BATCIILCKHUE JI0-
TH; TEOMETPUIECKHUE JTaHHBIC; KOHTEKCTHAS WHOpMAIIWs; METaIaHHbIE.

ABTOHOMHOE TPOGUINPOBAHNE IIONH30BATENE HAa OCHOBE MATTEPHOB. DTO
MpoIlecC aBTOMaTHYECKOTro cOOpa, aHaIM3a U MHTEPIPETAlUy JAaHHBIX O JIeHCTBU-
SIX TOoJIb30Baress (KJIMKH, TIEPEMEHICHUsI, BPEMsI CECCHH, NPEIINOYTCHUS U T. 1.)
C TeNbI0 co37aHus ero mudpoBoro mpoduis 06e3 SBHOTO W HEMOCPEICTBEHHOTO
ydacThs deioBeka-aHanuTuka [3]. Beero Tpu sTama: cOop MaHHBIX; aHATHU3 U BBI-
SIBJICHUC HaTepHOB; IMPAKTHYICCKOC MPUMEHCHUEC IMMOJTYUYCHHBIX JaHHBIX.
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MamunHoe oOyueHue A1l ONTUMH3AaLUU CTPYKTYPbI PoeKToB. IIpumenenue
MaruHHOTO 00yueHus (MJI) mis ONTHMHU3AINKM CTPYKTYpPhI (aijioB B CHCTEMax
ABTOMATHU3HPOBAHHOTO MPOEKTHUPOBAHMUS SIBISIETCS NIEPEIOBOM TEXHOJIOTHEH, KOTO-
pas MOXKET KapJAWHAJIbHO TMOBBICUTh IP(PEKTHBHOCTH PabOThI HHXKEHEpOB [4].
Crpykrypa (aiino B CAIIP-ipoekre sBisieTcs HE MPOCTO MANKOW Ha JUCKE, 3TO
CJIOKHBIN Tpad) B3aMMOCBSA3EH, COCTOSIINX U3 BIOKEHHBIX KOMIIOHEHTOB M COOPOK
(mepeBo 3aBHCHMOCTEH, Kakasi JIeTajlb BXOAUT B KaKyio cOOpKy). OCHOBHbIC MOJ-
XOJBI M 3aJaUu. KIaccu(puKanus u KaTeropusanus $ainos; IporHo3upoBaHUE CBS-
3eil M 3aBUCUMOCTEH; MpeacKa3aTebHOe IepenMEHOBaHNE U YIIPABICHUE BEPCHS-
MH; ONTUMH3ALHS TpoLiecca 3arpy3KH; oOHapy>KeHHE aHOMAJIHHT,

HelpoKOTHUTHBHBIE MOAXOB! K NEPCOHAIN3ALNH HHTEP(EHCOB. DTO MOIXO0X
K TepCOHANIM3alMH, KOTOPBIA HCIOJB3YyeT JaHHBIE O KOTHUTUBHOM COCTOSHUHU
MOJIB30BaTENsl JUIsl AaBTOMATHYECKOH aganTtaudu uHTepdeiica, 3amau u paboueit
cpenst CAIIP. Llenpio siBIsIeTCS CHU3UTH KOTHUTHBHYIO HAarpy3Ky, MpeIoTBPAaTUTh
OLIMOKH, TIOBBICUTH POU3BOIUTEILHOCTh  KOM(BOPT HHXKeHepa [5].

3axmouenue. IlpakTudeckass 3HaYMMOCTb PabOTHI 3aKIIOYACTCS B CO3AAHUU
MIPOTOTHIIA CHCTEMBI, TOTOBOM K BHeApeHHIo B mpoMelinuieHHble CAIIP-mporieccht
JUI CHIKEHUS KOTHUTHBHON Harpy3kM M TOBBIIICHUS MPOU3BOAMTEIBHOCTH.
B HayyHOM KOHTEKCTE MCCIIEIOBaHME 3aKJIJAbIBAET OCHOBY JUISl PAa3BUTHA a/IallTHB-
HBIX KOTHUTUBHO-OPHEHTHPOBAHHBIX CPEI, CIIOCOOHBIX K CaMOOOYUEHHIO Ha OCHOBE
JAHHBIX MOJIb30BATENEN.
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TexXHOJIOrMYecKuii 3rousm: noyemy poccuickue pa3paboTumku monyar,
KOrja pbIHOK KpUunT?

JinteBuHoBa EneHa EBreHbeBHa Litvinova_ee@bmstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

Annomayun. Paccmompena npobrema «mexnHonocuueckozo 3zousma» poccutickux HT-
6eHOOPO8, GLIPANCAIOWASACA 8 PA3POIHEHHOCU pewenuil, co30anuu OyoIupyIowux npo-
0yKmos, bapvepos 011 uHmezpayuu U OMcymcmeuu 00beKmuHbIX NIAM@pOPM CPABHEHUs.
Yemanoeneno, umo opuenmayus na 3amkHymule 9Kocucmemul cHudicaem 0osepue polHKa u
npensamcmeyen (hopmMuposanHuio KOHKYPEHmMHOU cpedbl, Ymo gedem K COXPAHEeHUIO 3a6UCH-
mocmu om 3apybescrnoco 110. Cihopmynuposano peuwienue — cozoanue yeHmpa npoosu-
arcenus poccutickoeo 110 na 6aze MI'TY um. H.O. baymana xax nesasucumozo apoumpa
015 yHughuxayuu Kpumepues oyenku pabomocnocoonocmu 110, cmumynuposanus Kpoc-
CnAam@OpMeHHOU coemecmumocmu u Koncoauoayuu aywwux npakmux. Coenan 6v1600,
umo Llenmp nozeoaum mpancopmuposanmsv KOHKYPEHYUIO 8 KOONEpayuio, nObICUMb 00-
sepue K omevecmeeHHbIM peuleHuam u 00ecneyums cmpameuieckull npospecc 8 O0Cmu-
JHceHuU mexnonozuiecko2o audepcmsea Poccuu.

Knrouesvie cnosa. mexnonozuueckuii 3eousm, UT-6eHOopbl, KOHKYpeHYUs, uHmezpayusi,
yughposas Hezasucumocms, omeyecmsennoe 110, yenmp sxcnepmu3zol

Begenne. PaccmoTpena mpo0iemMa «TEXHOJIOTHYECKOTO 3TrOM3Ma» POCCHHCKHX
NT-BeH10pOB, MPOSBIAIONIAACS B Pa3pO3HEHHOCTH PEUIEHHH, OTCYTCTBUU KOOIIE-
panyu U IyOarMpoBaHUH MPOAYKTOB. Llens paboThl — BBISBUTH Oapbepsl, MPETIsT-
cTByIOIIME (POPMHUPOBAHUIO E€IUHOTO IM(PPOBOr0 MPOCTPAHCTBA, U IMPEIIOKHUTDH
MEXaHU3M MX IPEOJOJIeHUs. 3a1ady UCCIICAOBaHUS YKa3aHHOM NMPOoOJieMbl BKJIIO-
YaloT B ce0sl aHaNIM3 MPUYMH HU3KOM MHTerpanuu otedecTBeHHoro 10, oneHky
MOCIIEACTBUN AJsl phIHKAa M OOILIecTBa, a Takke (HOPMHUPOBAHUE MNPEIIOKEHHS
M0 CO3JAaHHWI0 HE3aBUCHUMOIO LEHTpPa IKCHEPTHU3bl. AKTYalbHOCTh HCCIETOBAHUS
ompenenseTca 00eCIeUeHNI0 TEXHOJIOIMYEeCKOl He3aBucuMocTH Poccun m oTkasa
0T 3apyOexHbIX permieHHi. HoBU3HA Hccie0BaHMs 3aKII0YAETCsl B CUCTEMHOM To-
CTaHOBKE MPOOJIEMBI «TEXHOJOTMYECKOTO 3TOM3Ma» BEHIIOPOB W TPEATIOKECHUH
WHCTUTYLIHOHAIBHOTO pemieHus. Hay4ynas 3HaunMocCTh cBsi3aHa € pa3pabOTKOif
MOIX0/a K KOHCOIHMIAINH JIyYIINX MPAKTHK U (POPMHUPOBAHUIO YCIOBUHN IS «370-
POBOI» KOHKYPEHILIUH.

MeToabl U MaTepuaJibl, pe3yabTaTbl. B paboTe mcmnosib30BaH aHaIUTHYE-
CKHH TI0JIX0/1, OCHOBAHHBII Ha COMOCTaBJIEHUU MPAKTUK POCCHUICKUX pa3paboT4u-
KOB M HOTpeOHOCTell phiHKAa. MarepuanaMu HOCITYKWIN HaOJIIOIEHHS 32 COCTOS-
HHEM OTpPAaci M KOHKPETHbIC MPUMEpPbI JyONUpOBaHHs peuieHui (Hampumep,
MHOTOYHCIICHHBIE CHCTEMBI BUACOKOH(EpEHINH, BOCIIPUHUMAaeMbIC IOJIb30BaTe-
JSIMH KaK MeHee YIO0OHbIe aHalIorH 3apyOeKHbIX). [IpoaHaIn3upOBaHbl CTPATETHN
BEHJIOPOB, OPUEHTHPOBAHHBbIE HAa YACPXKAHUE KIHMEHTOB Ye€pe3 IpOolpUETapHbIC
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(bopMaTel U HECOBMECTHUMOCTh IIPOJYKTOB. Y CTAHOBJIEHO, YTO MOA00HBIE NEHCTBUS
GopMHPYIOT QparMeHTHpPOBaHHOE LU(PPOBOE MPOCTPAHCTBO, TI€ KaXKIbIli UTPOK
BBICTPAaUBaeT COOCTBEHHOE «KHSKECTBO», YTO B JIOJTOCPOYHOI MEPCHEKTHBE CHU-
JKaeT 00IIyI0 KOHKYPEHTOCIIOCOOHOCTh OTPACIIH.

YcTaHOBIIEHO, UTO OTCYTCTBHE MPO3PAYHBIX U YHUPHIHUPOBAHHBIX KPUTEPHEB
OLIEHKHM IIPOAYKTOB NMPUBOAUT K MH()OPMALMOHHOMY BaKyyMy: 3aKa3ulKd HE HMe-
I0T 00OBEKTUBHBIX MHCTPYMEHTOB CPaBHEHHUSI M BBIHYXKIECHBI OPHCHTHUPOBATHCS Ha
CyOBEKTUBHYIO OLEHKY MPOW3BOIUTENCH. DTO COCOOCTBYET COXpaHEHHUIO IMpen-
MOYTEHHUH B TONB3Y 3apyOEKHBIX pEIIeHHUil, AaKe €CIM OTEYECTBEHHBIE aHAJIOTH
001a1af0T JOCTaTOYHBIMUA KOHKYPEHTHOCTIOCOOHBIMU KaueCTBAMHU.

JlonOIHNTENBHO BBISIBICHO, YTO CTPATErUsl HCKYCCTBEHHBIX OaphepoB CHHMXKa-
eT MOTEHIHMAaJl MHTETpalliid M MeHIaeT (OPMUPOBAHHUIO SKOCHUCTEM, OCHOBaHHBIX
Ha OTKpPBITBIX CTaHAapTax. B pe3ynbraTe 3HaUMTENbHAs YacTh PECYPCOB PacXomay-
eTCsl Ha KOHKYPEHIIMIO MEXy BEeHI0paMH, a HE Ha pa3BUTHE NEPEOBBIX TEXHOJIO-
THii ¥ TIOBBIIIEHUE Ka4eCTBa MPOTYyKTOB.

KiroueBbIM pe3ysbTaTOM MCCIIEAOBAHMS CTAIO MOATBEP)KICHNE HEO0OX0IUMO-
CTH MHCTUTYIIMOHAJILHOTO pelleHns — co3nanus Ha 6aze MI'TY um. H.O. baywma-
Ha HeHTpa npoaskenus poccuiickoro I10. LIeHTp MOXET BBINOMHATH (YHKLIUH
HE3aBHCUMOTO «apOWTpa» Ha PBIHKE U TMPEOJOJETh KPU3WC JOBEPHUSA: KIHUEHTHI
CMOTYT OIUpaThci Ha YHH(DUIMPOBaHHBIE AaHHBbIE, a M T-BeHOOPHI — yny4lnaTh
IPOLYKTHI, OPUEHTHPYSCh HA OOBEKTUBHBIC MOKA3aTEIM BMECTO MHU(OIOTU3ALUH
cBonx mnpeumymiectB. CTparerus COTPyJHHYECTBA BMECTO CTPAaTETHH 3roM3Ma
W U30JSIIIMU TOMOKET JOCTHYb CHHEPTUU MEXKAY pELICHUSIMH, CHOPMHPOBATH
eIrHOE I(PPOBOE MPOCTPAHCTBO M CYIIECTBEHHO NMPOABUHYTHCSA HA MyTH K TEXHO-
JIoTHYecKoMy JujiepcTBy Poccun B Mupe.

3akioyenne. CaenaHbl BBIBOABI, YTO CTPAaTErvs M30JSILUM U KOHKYPEHLIHH
«peomanos» B UT-cdepe mpensTcTByeT mporpeccy 1 3aMeIsieT TOCTHKEHHE TeX-
HoJslorudeckoro nuaepcrsa Poccun. Pemenne B Bune llentpa skcnepTussl, cro-
COOHO KOHCONMAMPOBATH JyYIIHE MPAKTHKH, 00€CHEeUUTh KpoccriaT(hOpMEHHYIO
WHTETPALMIO U TIOBBICUTH JJOBEPHE K OTEUECTBEHHBIM MPOILYKTaM.

Cru1coK UCTOYHUKOB
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anaytics/ujalyw7pum/about/program (nara obparienus 28.09.2025).
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Annomayusn. Hccnedosano npumeHeHue 2eHepamueHO20 UCKYCCMBEHHbIN UHMEIeKma
(MH) ons nosvruenus spgpexmusnocmu cucmem ungopmayuonnol bezonachocmu. Iloxa-
3aHO, KAK MaKue Mooenu YIyuuiam GbisaeleHUe PaHee HEU38eCmHbIX Yepo3, VCKOPAIOm
peazuposanue Ha UHYUOeHmMol 6E30NACHOCIU U CHUNCAIOM OO0 TONCHBIX CPAOAMbBLEAHUIL.
OmoenvHoe GHUMAHUE YOENEeHO NPOMUBOOCUCMEUI) MOUWEHHUYECMEY U UCHOAb308AHUIO
CUHMEMUYECKUX OAHHbIX Ol 0OYUEHUS U MECMUPOBAHUS 3AWUMHOU UHDPACIPYKIMYDB.

Kniouesvie crosa. ungopmayuonnas 6ezonacnocmo, eenepamuenvlii MU, demexmuposa-
HUe Y203, ONEePAMUBHOE Peasuposanue, npedomepauerue MOUeHHUYeCmsd, Cunmemuye-
cKue oamnvle

Beenenne. Poct o0beMa M M3MEHYMBOCTH JaHHBIX )KypHaJIOB O€30MacHOCTH, ceTe-
BOro Tpaduka W pe3ysIbTaTOB MOHUTOPHMHTA, a TAKKEe YCIOXKHEHHE TaKTHK 3JI0-
YMBIIUICHHUKOB TPEOYIOT METOJIOB, CIIOCOOHBIX BBISIBISITH HEOOBIYHBIE 3aKOHOME-
HOCTH 0e3 OoNbIIMX 00BEMOB 3apaHee pa3MEUYEHHBIX JaHHBIX M C BO3MOXKHOCTBIO
pacrno3HaBaTh HOBbIE THIIBI YIpo3. ['eHepaTUBHBIE MOJIENHN, KOTOPhIE N3y4aloT HOp-
MaJlbHOE TOBEICHHE CHCTEM M XapaKTepHBIC MPUEMbI aTak, MOBBIIIAIOT YyBCTBHU-
TEIBHOCTb OOHAPYKEHHUS M COKPAIAIOT BPEMsl IIPUHATHS 3alUTHBIX Mep [1].

MeToabl M MaTepHaIbl; Pe3yJbTaThl.

1. [lemexmuposearue HeuzgecmHuIx yepo3.

IenepatuBHbIe MOEN QOPMUPYIOT MPEJCTABICHUE O <HOPMAIILHOM» ITOBE-
JeHnu Tpaduka, KypHAIOB W NEHCTBUI TNonb30BaTeneid. JItoOble OTKIOHEHUSI OT
9TOW HOPMBI BBIJCISIOTCS M NEpeaaroTcsi Ha NpoBepky. JlomomHenue oOydeHus
CUHTETHYECKHMH MTPUMEPAMH aTaK MOMOTAET YYHTHIBATh PEJKHE CUTYAI[H U CHU-
YKaeT PHUCK MPOITyCKa HOBBIX Pa3HOBUIHOCTEH yrpo3 [2].

2. OnepamugHnoe peacuposanue u CHUNICeHUe TOACHbIX CPAOAMbIBAHUIL.

Ha srane ananmza coObITHii 6€30MaCHOCTH T'€HEpAaTHBHbBIC MOJEIH BBIOJHS-
IOT Tpe/IBapUTENbHYI0 00pabOTKy: OHH OOBEAMHSIOT MOX0XKUE 3AIHCH, YAAISIOT
MOBTOPSIIOIIUECS, BOCCTAHABIMBAIOT TOYHYIO IICTIOYKY ACHCTBHUA. DTO CHIDKAET
KOJIMYECTBO JIOKHBIX CpadaThIBaHUH W MO3BOJISIET OBICTpee MepeaaBaTh peajibHbIC
MHIUICHTH Ha 00pabOTKY CIIEIHAINCTaM.

3. IIpeoomepawjenue mouieHHU4eCmeda.

B ¢unancoBoii cepe 1 CMEXHBIX 00JIACTSIX TeHEPATHBHBIE MOJIEJIN OTCIICKH-
BAIOT TUIIMYHOE MOBEJICHNE TOJIb30BATENCH W BBISBISIOT MOJO3PUTEIBHBIC OTKIIO-
HEHHsl B TpaH3aKIMAX WM 3asBKax. VccrnemoBaHWs MOKAa3bIBAaIOT, YTO HAMITYUIIUH
pe3yJIbTaT JIOCTHIaeTCs HPU COYETAaHWH T'eHEPATHBHBIX MOJENEH C NpaBHIaMHU
OLICHKH PUCKOB M aHAIIU30M CBs3eil MEXK/y ydyacTHUKaMu onepanuii [3].



Pazden 2. VickyccmeeHHbIld UHmeekm U UHOPMAYUOHHbIE mexHOoM02uu 239

4. I'enepayus cunHmemuyeckux OaHHbIX.

Ucnonb3oBaHue CreHepUPOBAHHBIX MOJIEIISIMH CHUHTETUYECKUX IAaHHBIX II0-
BBIIIAET YCTOHYMBOCTh JETEKTOPOB K PEIKUM BUAAM aTak M IIOMOTaeT 0e30macHo
BOCIIPOU3BOJIUTH Pa3HOOOPAa3HbIC CIIEHAPUH TECTHPOBAHUS CHCTEM OE30ITaCHOCTH
Ha Oonpmux oobeMax HH(popMamu. OgHAKO 3T0 TpeOyeT 00s3aTeILHON POBEPKH
U ayJWTa CaMHUX MOJENel, KOHTPOJIS Ka4ecTBa JaHHBIX M MacIITa0UPyeMOCTH HH-
bpactpykTypsl [4], a TakKe y4acTHsl CIICHUATHCTOB Ha KIFOUCBBIX dTarax MpUHS-
THs pereHni [5].

3akiaouenue. ['eHepaTHBHBIE MOJIENN YCHIIMBAIOT 3alIUTY WHPOPMAIMOHHBIX
CHCTEM Cpa3y MO HECKOJIBKUM HarpaBieHussM. OHH TOMOTaloT OOHApYyKUBATh paHee
HEU3BECTHBIC YIPO3bI, 00padaThIBasi OTKIIOHEHUSI OT HOPMAJILHOTO MOBEJCHHS, CHHU-
JKaIOT KOJIMYECTBO JIOKHBIX CpabaThIBaHUM 32 cUeT (QHUIBTPAIIMK U BOCCTAHOBIICHUS
KOHTEKCTa COOBITHI; MOBBILAIOT 3(HEKTUBHOCTH OOPHOBI C MOILIEHHUYECTBOM O1a-
roiaps BBIIBIICHUIO aHOMAJIHMH B TPaH3AKIIMAX U 3asBKaX; a TAKKE PACIIUPSIOT BO3-
MOKHOCTH OOY4€HHS M TECTHPOBAHUS CHCTEM O€30MACHOCTH C TIOMOIIBIO CHHTETHU-
YECKHX JaHHBIX.

CnuUcoK UCTOUYHUKOB

[1] Generative Al and security: transforming cyber security defense and fraud prevention. Interna-
tional Research Journal of Modernization in Engineering Technology and Science, 2024,
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Kkamu kubepbezonacnocmu. B kn. Cospemennas Hayka: akmyaibHbie 60NPOCL, OOCMUNICEHUS. U
unnosayuu, Tlensa, Hayka u Tlpocsemenne (MI1 T'ynses T.10.), 2024, c. 88-99. EDN:
TCHJBG.

[3] babanckas A.C., Epmonsea JI.P., Edumenko H.A., Axynosa C.A. CpaBHHUTEIBHBIA aHAIN3 U
BO3MOKHOCTH MIM-TeXHOIOTHH JUlsl IPEOTBPALCHHS MOLIEHHIYECTBa B ()HAHCOBOM CEKTOpE.
Okonomura. Hugpopmamuka, 2025, 1. 52, Ne 1, c¢. 110-124. https://doi.org/ 10.52575/2687-
0932-2025-52-1-110-124

[4] CurranK., Curran E., Killen J., Duffy C. Therole of generative Al in cyber security. Metaverse,
2024, vol. 5, no. 2, art. no. 2796. https://doi.org/10.54517/m2796

[5] Tonos A.C., banakupes C.B., EropoB B.M. McKyCcCTBEHHBIN HHTEIUIEKT B cCHCTeMax HH(OpMa-
LIHOHHOW GezonacHocTH. Hayunbiil peseps, 2024, Ne 2 (26), c. 31-36.
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Annomayusn. B pabome noxkasano, Ymo smoyuu Mo2ym 0vlms hopManu306aHsl KAk 6Hym-
pennue cucnanwl 6 apxumexmypax ooyuenus ¢ nooxkpenienuem (RL), erusiowue na adan-
mayuto u eplbop cmpame2utl nogedenus: azenma. Hcciedosanue Hanpasieno Ha nOCmMpoe-
HUe KOZHUMUBHBIX MOOeell, CA3bI8AIOWUX IMOYUL C OUWUOKAMU NPeOCKa3anust, Qyukyue
YEHHOCIMU, HEONPEOeNeHOCMbIO U MOMUBAYUOHHLIMU PAKMOPAMU.

Knrouesvie cnosa. xoenumuenoe mooeiuposanue, IMOyuU, obyuenue ¢ nooKpenjieHuem,
aoanmuseHoe noseoenue, IMoyuoHabHolil MU

Benenne. DMOIMH 3BOJIOIMOHHO BO3HUKIIM KaK aJIalITUBHBIC MEXaHU3MbI, YCHIIU-
BaroIllie BeDKHMBaHWe opranmsMa. CoBpeMeHHBIE KOTHHTHBHEBIE Teopru (predictive
coding, Teopusi MOTHBAIHOHHO-TIOTPEOHOCTHON MPHUPOABI AMOIMI) MOKA3BIBAIOT,
YTO SMOIMH BBIMOJHSAIOT (YHKIMIO CHTHANA HECOOTBETCTBUS OKHIIAHUN U PeabHO-
cTH, KoppekTupys noseaenue [1, 2]. B mMammHHOM 0OyYeHHH 3MOIMH dYallle pac-
CMAaTpPUBAKOTCS KaK 3ajada KiacCH(UKAINHU, OJHAKO MX MOXHO OITUCHIBATH U KaK
apXHUTEKTypHBIe Mexanu3Mbl RL, ompemenstorine cTpareriu arenra [3].

Marepuajbl U MeTOIbI;, Pe3yabTaThl. MccneqoBaHne OCHOBAHO HAa aHATU3E
paboT Mo KOTHUTHBHBIM HAayKaM, ICUXOJIOTHH dMOIUi u anroputMam RL. B kaue-
cTBe 0a30BBIX KOHIICMIHM WCIMOAB30BaHbel Mojaenu RL (pyHKIUS IEeHHOCTH,
prediction error, neonpeneneHHOCTh) [4]; MCHUXOIBOIOIMOHHAS TEOPHS IMOIUI
P. Tlnytuuka [5]; Teopus mMOTPeOHOCTHO-WH(POPMANMOHHON MPHUPOIBI IMOIHIT
I1.B. CumonoBa [6]; baiiecoBckas MexaHWKa U TEOpHs MapKOBCKUX ojesn [2];
Teopus qBOHOM 00paboTku nHpopmanuu (Kanemana) K. Kanemana [7].

dopMmanuzanus dMonnii B TepMuHax RL MOXeT OBITh MpeIcTaBleHa ClICTYIO-
M 00pa3om:

—omm0OKa Tpeackazanus (8) HHTEPIPETUPYETCA KaK MCTOYHMK TIOJOKUTEIh-
HBIX OMOIHH (PagoCTh, MPEABKYIICHNE) TP BHICOKUX MOJOXHUTEIbHBIX 3HAYCHUAX
U OTPHUIATENBLHBIX 3MOIMI (CTpax, THEB, MeYaib) MPH BBICOKUX OTPHIIATEIBHBIX
3HAYCHUSIX;

— (ynkrms neHHocTd V(S) oTpakaeT SMOIMOHATIBHYIO OIICHKY COCTOSTHHS: BBICO-
KM€ 3HAYEHNS COOTBETCTBYIOT JOBEPHUIO U PAJOCTH, HU3KHE — CTPaxXy U IeYau,

— YpOBEHb HEONPECIICHHOCTH CBSI3aH C 3MOIMSIMH. BBICOKAs HEOIPEICIICH-
HOCTh COOTBETCTBYET YJMBICHHIO U JIFOOOMBITCTBY, HU3Kass — JIOBEPHUIO M CITOKOK-
CTBHIO;
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— BHYTPEHHHE Harpajpl TPAKTYIOTCS KaK 3MOLMOHAIbHBIE CUTHAJbI, U3MEHS-
IONIHE TapaMeTphbl 00yUYeHHUs ¥ CIOCOOCTBYIOIINE aJalTUBHOMY TIOBEACHUIO.

Pazpaborana kKoHueNTyalbHasi MOJIENb, PACKPBIBAIOLIAS COOTBETCTBHS AIMOLMI
RL-mexanu3Mam (Hampumep, CTpax <> COCTOSIHHSI ¢ HU3KOW Q-IIEHHOCTBIO, pa-
JOCTh <> TIOJIOKHUTEIBHOE TOIKPEIUICHNE, YIUBICHUE <> OIINOKA MPEICKa3aHHs).
PaccMoTpeHbl TeopeTHdecKHe CIEHApUH HKCIEPUMEHTOB. «CTPax» IPUBOIUT
K n30eraHuio M 3aMeIUICHUIO TPACKTOPHH; «yIAHMBICHUE» MHUIMHAPYET OCTAHOBKY
Y TIEPEOLCHKY MOJEIH; <JTI00OMBITCTBO» CTUMYJIUPYET HCCIEOBAHIE HOBBIX 30H.
Takast apxuTekTypa JeMOHCTpUpPYET Oojiee aqanTHBHOE W BBIPA3UTEIHHOE MOBEIE-
HHE 10 CpaBHEHHUIO C kiaccnyeckum RL.

[Tomy4eHHble pe3yabTaThl MOATBEPKAAIOT TUIIOTE3Y O TOM, YTO SMOLUH MOXK-
HO TPaKkTOBAaTh KaK BBIUYMCIHUTENbHbIE MEXaHU3MBl aJalTalldu. JTO cOTrjacyercs
C TCOPUSIMH NPEJICKA3aTEILHOIO KOJUPOBAHUS U KOTHUTUBHBIMU MOZETSIMU LIEH-
HOCTU. B oTiimume oT TpagummnoHHBIX Mozeneil RL, cmonbp30Banne «3MOIOHATb-
HBIX» CHTHAJOB YJy4YIlaeT YCTOWYMBOCTh areHTa K HEOXHIAHHBIM COOBITHSIM
U JIeJIaeT ero rnoBeeHue 0osiee HHTEPIPETUPYEMBIM JUIS YETIOBEKA.

3akiouenne. DMOIMH MOTYT OBITh (POPMAaIM30BaHBI B TEPMUHAX OOYUYCHUS
C TMOJAKPEIUICHHEM KaK CHUTHalbl OIIMOKH NpEeACKa3aHusl, U3MEHEHUS LIEHHOCTH
Y YPOBHS HEOTPEAETICHHOCTH. Takas WHTErpaius MO3BOJSET CO3AaBaTh areHTOB
¢ Oonee ruOKMM, aJlaiTUBHBIM M «4EJIOBEKO-TIOHSTHBIM>» MOBEJCHUEM, OTKPHIBAS
NEePCHEKTUBHI U pa3padoTKH 3MounoHanbHoro MM m KOrHUTHBHON poOOTOTEX-
HUKH.

CruUCcoK UCTOYHUKOB
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Annomayusn. B pabome npedcmaenena ungpopmayuonnas cucmema MmMeCmMupo8aHUs
Helpocemesol Mooenu, NPUMEHAEMOU 8 NPOSPAMMHOM 0becneyeHuu MUKPOKOHMPOLIEPA
ESP32S3, komopwtii moscem bbims uCnonivb306an 6 Kauecmee cpeocmea 0OHAPYIHCEHUS. 603-
20panull 6 annapamHo-nPOSPAMMHOM KOMNIEKCE PAHHE20 OOHAPYICEHUSL NIECHbIX NOJACAPO8
6 MpPYOHOOOCMYNHbIX MeCmax.

Knrouesvie cnosa. monumopuue NeCHbIX NOXCAPO8, NOUCK NIAMEHU HA U300PANCEHUSX,
HOUCK ObIMA HA U300PAdICEHUSIX, MAWUHHOE 3PEHUe, NONCAPHASL Oe30NACHOCTb, Helpoce-
meewvle Mooenu

Beenenue. OOHapyKeHHE JICCHBIX MOXKapoB B TPYAHOIOCTYIIHBIX MecTax IJIsl pe-
IICHHS 33724 ONEPATHBHOIO PEarnpoBaHUs M MPEAOTBPALICHHUS CTHXHWHBIX Oel-
CTBUI SBISETCS aKTyajlbHBIM. B naHHOW paboTe mpejcTaBiicHbl pe3yJibTaThl pas-
paboTkH WH(OPMAIIMOHHOW CHCTEMBI TECTUPOBAaHHS HEHPOCETEeBOW MOJeNH!,
UCIIOJIL3YEMOM JIUIsl JIETCKTHPOBAHHS BO3TOpaHMW Ha 0a3e MHKPOKOHTpOJUIEpa
ESP32S3 ¢ npenycraHoBieHHOH Kamepoil Ha OopTy. JlaHHBI MHUKPOKOHTPOJJIEP
IpeNoNaraeTcsi MWCIOJIb30BaTh B  allapaTHO-IIPOrPaMMHOM  paclpeaeIeHHOM
KOMITJICKCe OOHApy>KEHHS JIECHBIX T0KapoB, pa3padaTblBAEMOM B paMKax ToCy-
JapCTBEHHOTO 3ajaHusi MHUHHCTEPCTBAa HAayKH W BhICIIEro oOpaszoBanusi Poccwuii-
ckoit ®enepanuu (tema Ne FSFN-2024-0073) [1, 2].

MarepuaJjnbl 4 MeTOABI; pe3yabTaThl. {15 pazpaboTku sHeproadpdexrusHO-
rO ¥ aBTOHOMHOT'O MOJIyJIsi OOHApy>KEHHUsI BO3TOpPaHUi B paboTe ObUI paccMOTpeH
MUKpoKoHTpoiutep ESP32S3, xoTopblii MOKET MPUMEHSTHCS B YCIOBHUSX OTCYT-
CTBHA dHEPreTHYeCKOH MHQPACTPYKTYPbl U KaHAJIOB CBS3U. [laHHas MOJENb MHK-
POKOHTpOJLIEpa TO3BOJISIET MOJKII0YaTh K HeMY BHEIIHIOW kamepy OV 5640 unu
OV 3660, uro mo3BosieT pa3paboTaTh MOAYJIb OOHAPYKECHUSI BO3TOPAHUH, peTHA-
3HAUCHHBIN ISl yCTAHOBKH B TPYIHOAOCTYIHBIX Mectax. [Ipu oOHapykeHHH BO3-
TOpaHUil Ha MOJMy4YaeMBIX KaJpax, JaHHbIE OTIPABIISIOTCS B LEHTP MPHHATHS pe-
IICHUH C IOMOIIBIO crienuanu3upoBanHoi ad-hoc-cetn, cocoTosieil U3 HEenoYKH
PETPaHCIIATOPOB, pealTn30BaHHEIX Ha 6ase moxymst NodeM CU.

Hns TecTupoBaHHMA BO3MOXKHOCTM HCIIOJIB30BAaHUSI HEHWPOCETEBOM MOJENH
Ha MHUKPOKOHTpoIiepe ObuT pazmeueH garaceT u3 150 dotorpaduii miamenu ot 3a-
JKHTaJIKK, COOpaHHBIM HEMOCPEe/NCTBEHHO ¢ MoMolbio kamepbl OV 3660, mokio-



Pazden 2. VickyccmeeHHbIld UHmeekm U UHOPMAYUOHHbIE mexHOoM02uu 243

YEeHHOH K MUKpOKOHTposuiepy. I[TonmyueHHbId AaTaceT ObLT UCHONB30BaH sl 00yUe-
HUsI HeHPOCEeTEBO# MOJIEITH ¢ UCIob30BanueM matdopmer Edgel mpulse [3]. TTomy-
YyeHHasi MOJIeNIb OblJIa MHTEIPUPOBaHa B POrpaMMHOE O00ECIICUCHHUE, TPUMEHIEMOe
Ha MHKPOKOHTpOJUIEpE JIJIsl JICTEKTUPOBausl BO3ropaHuid. J[1s BOBMOXXHOCTH BH3Y-
QIIbHOM OTIepPaTHBHOI OIIEHKH KadecTBa paboThl Mojenu Obuia pazpaboTaHa HH(Op-
MAalMOHHAsl CHCTEMa, MO3BOJIAIONIAS HA MEPCOHATBHOM KOMITHEOTEPE C MOMOIIBIO
Opay3epa mony4aTh M300pa’keHHUs, Ha KOTOPBIX MOJIeJb paclo3Hajia BO3rOpaHHE.
I[Tpu 5TOM pparMeHT U300paKeHUs], TIC PUCYTCTBYIOT S3bIKH IIAMEHH, BBIICIISCT-
csl paMKOUW M yKa3bIBaeTCsl 3HAYCHUE YBEPEHHOCTH Mojenu. Paspaborannas undop-
MallFOHHAasl CHCTeMa IOJJICPIKUBACT JBa PEeXKHUMa pPadOTHL B MEPBOM — MHKPO-
KOHTpoJUTep co3maer Touky goctyma Wi-Fi, a BO BTOpOM — MHKPOKOHTpOJLIEP
MOZIKITIOUAeTCs K yxe umerorteiics Wi-Fi cetn.

3akaovyenne. Paspaborana MH(ppPMalMOHHAs CHCTEMa Uil OINEPATHBHOTO
NPEJOCTABIICHUST PE3YJILTATOB PaOdOThl HEHMPOCETEBOW MOJENN HA MHKPOKOHTPOII-
nepe ESP32S3 mocpencrBom BeO-uHTepdelica, MoAnEpKUBAIOIIas J1Ba PexKUMa
paboTh: B KauecTBe cepBepa W B KadecTBe kiuveHTa. Co3naHHas cuctema OyneT
UCIIOJIB30BAThCS ISl OIIGHKU KadecTBa pabOThl MOMyJIsi OOHAPYIKEHHsT BO3TOPaHUIA
Ha 0a3e MukpokoHTpoiiepa ESP32S3 Bo BpeMs mpoBeaeHHs MOJEBBIX HCIBITa-
HUIHA.
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Annomayus. B cmamve paccmampusaromes coepemennvie Menmoobl ROCMPOeHUs cemetl
07151 MOOETUPOBAHUS. AMAK U 0OYYEHUsT KAK CMYOeHmo8, maKk u compyonuxkos. Bupmyans-
noiti omyasamop GNS3 paccmampusaemes xax ynueepcanvhvlli UHCMPYMeHm, HA OCHOBE
KOMopo2o ObiU NPOULTIOCMPUPOSAHLL MEMOObI NOOKIOYEHUS GHEUWHUX BUPMYATbHBIX Md-
WIUH U OIMYIUPOSAHUe cemu OJis CO30aHUsl KOMNIEKCHBIX ucnvimanui naiazunos. Ipaxmuue-
CKasl 3HAUUMOCmb pabomol 3axkmouaemcs 8 8603modcHocmax uncmpymenma GNS3 ons no-
CMpOeHUss CMeHO008 01 MOOEIUPOBAHUs.  PearuCmudHol — UH@pACmpyKmypol — O
OanbHelwe20 ee aHanu3a u MOOeIUPOBAHUs AMAaK.

Knroueswvie cnosa: supmyanuzayus, GNS3, smynayus, ungopmayuonnas cucmema, mooe-
JqUpoeanue, ceemenmayus

Beenenue. B coBpeMeHHOM pa3BUBAIOIIEMCS MHUpE, TJe KOJHYECTBO YTPO3 U pea-
JM3anus aTak pPacTeT ¢ KaXAbIM THEM, B TO BpeMS KaK KpUTHYECKH BaKHAs WH-
dbopmanmst TpedyeT 0co00r0 BHUMAHUS U 3alIUTHI, TaK KaK OHA BIUSET HA 0OJb-
[I0€ KOJIMYECTBO PECYpPCOB OpraHu3alu. s 3TOro OCHOBHBIM W3 METOJIOB
3alIUTHl BBIACISIIOT CETMEHTAIMIO CETH, KOTOpas IO3BOJSIET MUHHUMH3HPOBAThH
PHCK pactpoCTpaHEHHs aTakH, a TAK)Ke HE TO3BOJIUT 3JI0YMBIIUICHHUKY MOTYYHTh
UHpOPMAIMIO O cucTeMe 3a ObicTpoe BpeMs. OJHAKO METO] CErMEHTAalUuU CETH
SIBIISICTCSl CIIOXKHBIM M TPYJHBIM B OCBOCHUWH, & TaKke TpeOyeT JOTOIHUTEIHHOTO
00y4YeHHsI W MPAKTHKH, YTOOBl MUHUMH3HPOBATh PHCK MOCTPOCHUS HE3aIlWILEH-
HOH cHcTeMbl. AKTyaJlbHOCTh JaHHOW IIPOoOJIeMbl BHICOKA B KOHTEKCTE obecreue-
HUsI MHPOPMAIMOHHOH 0€30MacHOCTH, IZleé HEOOXOAWMO TECTHPOBATH YCTOMHYM-
BOCTb apXUTEKTYPHI K aTakaM, a TaKkKe MUHUMU3UPOBATh PUCK peau3aliy yIrpo3
nH()OPMAITMOHHON 0€30TTaCHOCTH.

Jns pemienus paHHOM mpoOieMbl ObUTM pa3palboTaHbl pPa3iUYHBbIC PEIICHHS,
9T00Bl 00ECIEUYUTh MOJACIMPOBAHUE U TECTHPOBAHHME ITOCTPOCHHOM CETH, OJHAKO
OOJNBIIMHCTBO M3 HUX HE COBMECTHMBI JUIS peaju3alidd Ha HUX ONpeNeeHHBIX
YCTPOMCTB, B paMKaX pOCCUICKOTo phIKa AaHHas MpodeMa UyBCTBYETCS OCOOCHHO
octpo. [loatoMy nanHasi craTbes nocssimaeTcs pemennto GNS3, koTopsliit nmeer
pacuIMpeHHbId (YHKIHMOHA, KOTOPBIH OyaeT NogpoOHO pacCMOTPEH.

Metoabl U MaTepuaibl, pe3yabTaThl. s TOCTKEHUs HOCTaBJICHHOM Lenu —
MPOBECTH CPaBHUTEIBHBIA aHaIN3 S(PPEKTHBHOCTH TOBEACHNUSI UMUTAILIMOHHOW Mo/Ie-
JIM TIPOTPaMMHO-KOH(UTYpUpyeMoii ceTH, pa3BepHyTol B amymsiTope GNS3 st amy-
JSIIAH YCTPOWCTB, B CPABHEHUH C APYTUMH PEIICHUSMU.



Pazden 2. VickyccmeeHHbIld UHmeekm U UHOPMAYUOHHbIE mexHOoM02uu 245

Jnst cpaBHEHMSI M3y4allCh COBPEMEHHBIE TIPOIYKThI, KOTOPHIE MCIIOJIB3YIOTCS
JUIsE OOYYeHUs] U TECTHPOBAHHS CETMEHTAIMU CETH, TaKHX MPOU3BOJIUTENEH, KaK
Cisco [1] u EVE-NG [2], xoTopble SBISIOTCS JHICpaMU Ha PBIHKE MO HPOU3BOI-
CTBY peEIICHHIA, KOTOPBIE MOMOTAIOT MOJIETUPOBATh CETMEHTAIINIO CETH HA OCHOBE
CEeTEBBIX YCTpOWCTB. B maHHOW CTaThe pacCMOTPEHBI MX OCOOEHHOCTH, a TaKXKe
NPOBE/ICH CPAaBHUTEIBHBIA aHAIN3 X (DYHKITHH.

Taxke B KauecTBE MaTEpUANIOB MCCIIEIOBAHUS HCIOJIB30BAJIHCh PEKOMEH/Ia-
UM ¥ MHCTPYKIMH, IPEAOCTaBICHHbIE Pa3pab0TYMKOM, AJISl U3yUEHUSI BO3MOXKHO-
CTeil ¥ MHCTPYMEHTOB mporpamMMHoro obecreuenus [1]. Jliast paboThl u uccieno-
BaHMS MCIOJIB30BaNach nocueanss Bepcus 2.2.54 nporpammel GNS3, a B kauecTse
OMYJISIIAY TOAHUMAIINCHh BUPTYaJbHBIE 00pasbl, HCIIOJIB30BAINCH IPOCTHIE POTO-
konbl, Takue kak SSH, TCP/UDP u apyrue. s TeCTUPOBaHKS MPOU3BOIUTEIILHO-
CTH M TEHEPaLH CETEBOT0 TpapuKa MPUMEHIIMCH yTHINTHI 1perf3 u ping.

Pesynbratamu mpoieaHHOW paOOTHI SBISIOTCS BBIBOIBI O (DYHKITMOHATBHBIX
Bo3MOkHOCTsIX pemiennsi CNS3, ero mpenmymiecTBo nepel IpyruMu PEIICHUSIMH.
Beinenensl OCHOBHBIE NPEMMYIIECTBA M HEJIOCTaTKH, a TaKKe CJHeNIaH BBIBOX
0 BO3MOKHOCTH MPUMEHEHHSI JAHHOTO SMYJISITOpa A TECTUPOBAHUS MPOTPaMM-
HBIX IPOJYKTOB M 00yUYEHHUS COTPYTHHKOB.

3akmouenne. Vccnenosanue mnonrBepkaaet, uro GNS3 sBisieTcs OaHUM
U3 JYYIINX WHCTPYMEHTOB, KaK JIJIsl HCCIIEI0BATENLCKON, TaK U JUIS MIPaKTUYECKOMH
nearenbHOCTH. [IperMyInecTBo penieHust BBIACTAINCh TAKKe HMCCIeIOBATEISIMU
Alenazi M. J., Almutairi F. M. [4] u Alharbi T., Aljuhani A. [5] B ux cratesx 1o
aHaJM3y COBPEMEHHBIX PEIICHHH M WHCTPYMEHTOB, KOTOpPBIC HCIIONB3YIOTCS LIS
CUMYJISILIUH U SMYIISIIH CETEH.

B xone uccnenoBanus BBISIBICHO, YTO JAHHBIH HHCTPYMEHT MOXKHO TpaKTHYE-
CKH HCIOJIb30BaTh KaK JUIsi HAYYHOI AEATENbHOCTH M NPAKTHUKH (TECTHPOBaHHU
OpOrpaMMHBIX TMPOAYKTOB M HMHCTPYMEHTOB Ha BHPTYaJbHOM OOOPYJIOBAaHHH),
TaKKe ISl PELICHUs pealbHbIX PadoyMX 3aJay MPOSKTUPOBAHUS CETMEHTALMU Ce-
TH 00BEKTA.
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Annomayus. Cogpemennoe KoZHUMUSHOE MOOEIUPOSAHUe 8 COYemanuu ¢ meopuei Cu-
cmem no3gonaem Qopmanu308ams npoyeccvl A0anmMueHOCIMU U CamMoOP2AHUIAYUY CLOHC-
HuIx cucmem. Ilpedcmasnena KOCHUMUBHO-CUCTNEMHAA MOOENb, BKIIOYAOWAs UHpopmayu-
OMMBIll, KOZHUMUGHBINL U (DYHKYUOHANbHLIU YPOGHU, ONUCHIBAIOWAs B3AUMOOEUCEUe
CMPYKMYpPol CUCEMb, KOZHUMUBHBIX NPOYECCcOo8 U 8HeluHell cpeobl.

Kniouegvie cnosa:. xozHumugHoe Mooenuposanue, meopus cucmem, a0anmusHoOCHb, Camo-
Op2anu3ayUst, IMEPOACEHMHOCMb, KOCHUMUBHbIE APXUMEKMYPbL, 2pagdosbie MOOeU

Beenenue. Knaccuueckas Teopusi cUCTEM OpPUEHTHPOBAHA HA ONMCAHHUE CTPYK-
TYPHOH IEJIOCTHOCTH M (PYHKIIMOHATFHON yCTOWYHUBOCTH, OJHAKO HEJOCTATOYHO
YUHUTHIBA€T KOTHUTUBHBIE (PAKTOPHI, BIMAIOIIME HA AWHAMHUKY CIOKHBIX ajar-
THBHBIX cucteM [1, 2]. KOrHUTHBHOE MOJETMPOBaHUE PACIIUPSET ATOT MOAXOJ,
MO3BOJISISl YYUTHIBATH MPOLECCHl BOCIPHSITHSA, NaMATH, OOYYEHHS W TPUHITHS
peurenuii [3, 4].

MeToabl 1 MaTepHuaJbl; pe3yabTaThl. [ MOJIeIMPOBaHHS aalITHBHOCTH U
CaMOOpPraHU3alUy HCIOJb3YETCs] KOIHUTHBHO-CUCTEMHAsl CXEMa, BKIIIOYAromast
TPU ypOBHS: MH(MOPMALMOHHBIA, KOTHUTHBHBI W (YHKIHOHAIBHBIA (CM. pHUCY-
HOK). THpOopManMOHHBIN YPOBEHb BKJIFOYACT CTPYKTYPY CUCTEMBbI (S) M BHEIIHIOHO
cpeny (E). Cucrema comepXUT KOMIIOHEHTBI M CBsI3H, (GOpMHpYIOLIHE e¢ BHYTPEH-
HIOIO OpraHu3anuio. BHemHss cpena obecreunBaeT MocTyIICHHE CUTHANIOB U BO3-
JIEHCTBUH, BIMSIOMINX Ha COCTOSHAE CHCTEMbI M KOTHUTHBHBIE Mpolecchl. Korau-
TUBHBII YPOBEHb COCTOMT W3 BOCIpPHATHS, HaMATH, OOyYCHMS U TPHHATHS
pelIeHHid, KOTOpble WHTErPUPOBaHbI B OJIOK KOTHUTHBHBIX mporieccoB (K). Boc-
NpUATHE MOJy4YaeT WHPOPMALMIO U3 CPEeAbl, MaMiITh XpaHUT U oOpadaTbiBaeT ee,
o0ydeHHe KOPPEKTUPYET MOJIENIN TIOBEICHUSI Ha OCHOBE OIIBITA, & MPHHSATHE pellie-
HUH BEIOMpAET ACHCTBHUS C YYETOM TEKYIIET0 COCTOSIHUS. KOTHUTHUBHBIE MPOIECCHI
B3aUMOJICHCTBYIOT MEXIy co00il uepe3 oOpaTHbIe CBSI3M, oOecreurBasi aJanTUB-
HOE IMOBeJeHNEe cUcTeMbl. DYHKIIMOHATBHBIA YPOBEHb COCTOMT M3 aJIalITHBHOCTH
(A), camoopraHu3alMy ¥ SMEPKEHTHOCTH. AJTAaNITUBHOCT ONPEICIISETCS B3AHMO-
JIECTBUEM CTPYKTYPBI CHCTEMBI, KOTHUTHBHBIX MPOIECCOB U CPEJIbI:

A(t) = aS(t) + BK(t) + YE(t).

CaMoopraHmauI/m OIMUCBIBACTCA JTUHAMUYCCKUM YPAaBHCHHUCM
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% = F(S,K,E) — VH(S) + AC(K),

rae S(t) — crpykrypa cucremsl, E(t)— Bremnue Bosaeictsusi, K (t) — xoruu-
tuBHBIE nporiecchl, H(S) — surponus cucremsl, C(K) — KOTHUTHBHAs COTJIACcO-
BaHHOCTb, &, f§,¥, A — KO3 DUIIMCHTHI BIUSHUS.

Korammmssas mozcrcreMa

Bocnpuatie
efop HabopMamm 13 cpeTsl

FHTHATE H CTEMYTE

TIpyRTY ehme

IIndopumayliion no:{cl:c‘:e\u

Buemmaz cpeaa (E) Ci‘p’)ﬂﬂ'ypl enctesst (S)
- CHTHATH - KOMIOHCHTEL
- mssqm.l:mu - cBaIM

CTPYRTYpHBIE HIMEHIHIA

\\\ i . I CamMoopraMuIaum
™ \ ? dS/dt = F(S.K.E) - VH(S) + .*C(K)
b

IMEPIHEHTHOCTS
HOBbIC cBOHCTEA M MATTEPHE

KOrHUTMBHO-CMCTEMHAA MOesb afanTUBHOCTU U CaMOoOopraHnsaumm

OMEpHKCHTHOCTh BO3HUKACT KaK pPe3yJbTaT B3aUMOJCHCTBUS BCEX KOMIIO-
HEHTOB, ()OPMHUPYsT HOBBIC MATTEPHBI MOBEACHUS CUCTeMbI. MH(OpMannoHHbIH
ypoBeHb oOecreurBaeT KOTHHTHBHBIM BXOJA. CHUTHAIBI W3 CpeAbl W COCTOSHHUE
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CTPYKTYPBI CHCTEMbI MOCTYIIAIOT HAa KOTHUTHUBHBIH ypoBeHb. KOrHUTHBHBINA ypo-
BEHb, B CBOIO ouepenb, GopMUpyeT ynpaBieHHne CTPYKTypOH CHCTEMBI U KOPpEK-
TUPYET afanTuBHOCTh. DYHKIMOHANBHBIN YPOBEHb OTPAXKAaET PE3yJIbTAThl aJanTa-
MU ¥ CaMOOPTaHHU3AIMH Yepe3 W3MEHEHHUS CTPYKTYpPhl M BOSHHKHOBEHHE HOBBIX
OMEPIKECHTHBIX CBOHCTB. OOpaTHbBIE CBSI3M MEKAY KOTHUTHBHBIMHU IIPOLIECCAMH
U CTPYKTYPOH cHCTeMbl 00ECIeYMBAIOT KOPPEKTHPOBKY ICHCTBHH M OOydeHHeE.
OMepKeHTHBIE CBOICTBA, BO3HHKAIOIINE Ha (DYHKIHOHAIBLHOM ypOBHE, BO3JCH-
CTBYIOT OOpaTHO Ha aJanTUBHOCTb W KOTHUTHUBHBIE MPOLECCHI, CO3JaBas LHKIIbI
CaMOpETYJISALINH.

3axuouenne. [IpennoxxkeHHass MOAENb MO3BOJSET YUUTHIBATH, KAK CTPYKTYp-
HBIE 3JIEMEHTBI, TaK ¥ KOTHUTHBHBIE IPOLECCH], (GOpMUPYsI TUHAMHUKY, BKIIOYaIO-
IIyt0 oOpaTHble CBSI3M, OOy4YeHHE M 3MEp/KEHTHbIE MaTTepHbl. Takol moaxof
MIPEIOCTABISIET YHUBEPCAIBHBI MHCTPYMEHT AJIS UCCIIEOBAHUSA MHTEIUIEKTyallb-
HBIX, COLIMOTEXHUYECKUX M KHOEPHETHYECKUX CHCTEM, a TAKXKE CITY)KHT OCHOBOM
JUTSI IPOTHO3UPOBAHNS UX MOBEIEHUS U ONTHUMHU3ALINHN TPOIIECCOB YIIPABICHHUS.
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Annomayusn. Cogpemennvle UCCie008aHus 8 001acmu KOZHUMUBHO20 MOOENUPOBanUs de-
MOHCIPUPYION MEHOEHYUI K UHmMe2payuu 2UOPUOHbIX apXUmexmyp, a0anmueHvlx cmpa-
meautl U MyIbmuazeHmHuIX cucmem. I ubpuousie nooxoovl couemarom CUMBOIbHbIE U CYO-
CUMBOIbHBIE  MEMOObl, NO360JA8 MOOENAM OOHOBPEMEHHO GbINOJHAMb JO2UHeCKUe
paccyxcoenus u 8vlAGIAMb CKpblmble NAMMEPHbl 8 OAHHBIX. AdanmueHvie anreopummbl
obecneyusaiom KoppekmuposKy No6e0eHUs CUCEMbl 8 PealbHOM 6PeMeHU, a MyAbmua-
2eHMHbIE B3AUMOOCUCBUA CO30AIOM YCAOBUSL OISl DIMEPOHCEHMHO2O KOJIEKMUBHO2O Noge-
Oenusl.

Kniouesvie cnosa: kocnumusHnoe Mooeiuposanue, 2UOPUOHbLE ApXUMeEKmypbl, A0ANMueHble
cmpamezuu, MyIbmuazeHmuble CUCMEMbl, IMEPLEHMHOe N0GeOeHUe, UCKYCCTNBEHHbIT UH-
mennexkm

Beenenue. CoBpeMeHHbBIE UCCIEAOBAaHUS B 00JIACTH KOTHUTHBHOTO MOJEIHNPOBa-
HUsl HamlpaBlIeHbl Ha CO3JaHHE CHCTEM, CIIOCOOHBIX BOCHPOM3BOAMTH CIIOXKHBIC
(bOPMBI YETOBEUECKOTO MBIIILICHNUS, TIOBSCHUS U TIpUHATHA pemienuii [1]. Tpamu-
IUMOHHBIE KOTHUTUBHBIE apXuTeKTyphl, Takue kak SOAR u ACT-R, obecnieunBarot
OCHOBY JJIsl CHMBOJIBHOTO MOJENHPOBAaHHMSA KOTHUTHBHBIX IIPOLECCOB, OIHAKO
OrpaHMYeHbl B aJanTaldd K JIMHAMHYECKHMM W HEONpEIeTCHHBIM cpenam [2].
OMepreHTHbIE TEHAEHIIMU TPOSABISIOTCS B MHTETPallUU THOPHIHBIX apXHUTEKTYD,
Il CUMBOJIBHBIE MOJEJIM COYETAIOTCS C HEHPOCETEBBIMH M CYOCHMBOJBHBIMH
KOMIIOHEHTaMH, YTO IT03BOJIIET MOJENSIM OAHOBPEMEHHO HCIIOJIb30BaTh MPAaBUIIA,
BEPOSITHOCTHBIE PACCYXIEHUS U 00ydeHHe Ha OCHOBE JaHHBIX. AJIalITUBHBIE CTpa-
TEeTMH B KOTHUTHBHBIX CHCTEMax O00ECIIEYMBAIOT CIIOCOOHOCTHh K CaMOpPETYIISALNU
Y M3MEHEHMIO NOBEACHUS B 3aBUCHMOCTH OT YCIOBUH cpeabl. MylbTHareHTHbIE
CHCTEMBI TPENOCTaBJIIOT BO3MOXHOCTh HM3Y4YEHHS KOJUICKTHMBHOTO IIOBEACHUS,
9MEP/HKEHTHBIX NAaTTEPHOB U COIMAIBHBIX B3aUMOJIEHCTBUI MEXIY areHTaMu, 4TO
pacimupsieT BO3MOKHOCTH IPHUMEHEHHs] KOTHUTHBHOTO MOJIEIMPOBAHUS B pealb-
HBIX CIIEHApHX, BKIIOYAs yNpaBlIeHHE KPUTHYECKOW MH(PaACTpyKTypoH, poboTo-
TEXHHUKY U COLMANIbHbIC cCUMYJIsiuuH [3, 4].

MeToabl 1 MaTepHasbl; pe3yJbTaThbl. s nocTpoeHus rMOpUAHBIX KOTHU-
TUBHBIX CHUCTEM HCIIOJNIb3YETCSl COUETAaHHE CHMBOJIBHBIX M CyOCHMBOJIBHBIX MOjIC-
Jield, aJanTUBHBIX CTpareruii OOy4eHWs] W MYJbTHAr€HTHOTO B3aMMOJICHCTBUSI.
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OO0wiast cTpyKTypa CUCTEMBI BKJIIOYAET HECKOJIBKO KIIIOUEBBIX KOMIIOHEHTOB, o0ec-
MeYnBaIOIUX 00pabOTKy AaHHBIX, MPUHATHE PEUICHUH W (OpMUPOBAHHE SMeEp-
JDKEHTHOTO MOBE/ICHUS (CM. PUCYHOK).
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CTPYKTypa rM6pUAHON KOTHUTUBHOW CUCTEMbI M MOTOKM AaHHbIX

BxonHble naHHBICE — CcHCTEMA IOJIydaeT HH(GOPMAIIUIO U3 CEHCOPOB, 0a3 JaH-
HBIX U MOTOKOB MH()OpMAIIMHU, TAKMX KaK WHTCPHET WM COIMATbHBIC CETH. DTH
JAHHBIE OJHOBPEMEHHO HAIPABIIAIOTCS B CHMBOJBHBIE U CYOCHMBOJIBHBIE MOJIEIH
JUTs apasuiesibHol 00paboTku. CHUMBOJIbHAS MOJIENb BBITIONHSCT JTOTUYCCKUE pac-
CYKICHHUSI Ha OCHOBE TpaBHJI U 0a3bl 3HAHWH, 00ECIeYnBasi HHTEPIPETUPYEMOCTh
pemernii. CyOCHMBOIBHAS MOJICIL BKIIIOUACT B CeOs HEHPOCETH M alrOPUTMBI
BBIJICJICHHS TIPU3HAKOB, BBISABISICT CKPBIThIC MATTEPHBI M CJIOKHBIC 3aBHCHMOCTH
B JIAHHBIX, JOTIONHAS CHMBOJIGHYIO MOJENb. Pe3ynbTaTel CHMBOJIBHON M CyOCHM-
BOJILHOUM 00pa0OTKM MOCTYMAT B OJIOK alanTHUBHOTO 00y4eHus. OH BBIMOJHSCT
OOHOBIICHHE TTAPAMETPOB CHCTEMBbI, TPOTHO3UPOBAHHE COOBITHI U KOPPEKTHPOBKY
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BHYTPEHHUX KOTHHTHBHBIX IPEJICTaBICHUN B peajbHOM BpEMEHH. AJIaNTHBHBIN
MEXaHU3M TaKK€ YYUTHIBAECT OOPATHYIO CBSI3b OT BBIXOJHBIX PE3YJIBTATOB U MOBE-
JICHUSI MYJIbTHATEHTHON CUCTEMBI, 00ECTICUnBasi CaMOPETYJISILIUIO CUCTEMbI. MyJib-
THAreHTHAs MOJCUCTEMAa BKJIFOUAET MHOYKECTBO KOTHHUTHBHBIX ar¢HTOB C JIOKAJlb-
HBIMH TISJIIMU M JIOCTYTIOM K YaCTHYHOW MH(popManuu. B3anmonelcTBie areHTOB
(hopMupyeT dMEpHKEHTHOE TIOBEJIEHNE W KOJUIEKTHBHOE TPUHATHE pelieHuil. Pe-
3yJbTaThl PabOTHl areHTOB BIIMSIOT HAa aJANTHUBHBIA OJIOK, CO3/aBasi 3aMKHYTbHIN
UK camoperyssiiuu. CucTeMa TeHEepUpyeT PeKOMEHIAIMH, MPOTHO3bI M pellle-
HUSI, KOTOPbIE MOTYT OBITh HUCITOJIb30BAHbI JUIsl YIIPABJICHUS MPOIECCaMK, aHAIH3a
COIMATBHBIX WM TEXHHYECKUX CHUCTEM W TIOJICPKKH aBTOHOMHBIX pemieHwuid. O0-
paTHBIE CBSI3W OT BBIXOJIOB ITO3BOJISIOT KOPPEKTHPOBATH IIOBEJCHHE CHUCTEMBI
Y TIOBBIIIIATh €€ YCTOHYMBOCTh K M3MEHEHUSAM CPE/IbI.

Jua peanuzaru THOPUIHOW KOTHUTHBHON CHUCTEMBI HCIIOJIB3YIOTCS CPEIbI
1 1aTGOopMbl, MOIECPIKUBAIONINE HHTETPALMI0 CHUMBOJIBHBIX M HEUPOCETEBBIX
MoOJeNiel, a Takke MyJbTHareHTHOe B3auMozelcTBue. [Ipumepamu SIBISIOTCS
AnyLogic, NetLogo u RePast, koTopbie 03BOJISIFOT 3KCIIEPUMEHTAIBLHO OI[EHUBATH
IMEpKEHTHOE MoBeAeHNE U d(PPEKTHBHOCT aAalTUBHBIX cTpaTeruii. DpdekTus-
HOCTh CUCTEMEI OIICHUBAETCS 10 MTOKA3aTENSIM aJalTUBHOCTH, CKOPOCTH 00yUEHUS,
Ka4yecTBa MPOTHO3MPOBAHUS W YCTOMYHUBOCTU K M3MEHEHHUSIM Cpebl. DMEPHKEHT-
HBIE CBOIMCTBA aHAJM3UPYIOTCS Yepe3 METPUKH KOJUIGKTUBHOTO TIOBEICHUS ar€HTOB
U IUHAMUKHU UX B3aUMOJIEHUCTBUH.

3akmouenne. [IpemnaraeMasi CTpyKTypa THOPHIHOW KOTHUTHBHOM CHCTEMBI
OOBEIMHSACT CHUMBOJIGHBIE U CyOCHMBOIJIBHBIC MOJICNH, aJalTUBHOE OOydYeHUe
U MyJIbTHAareHTHOE B3auMojelcTre. [IpakTuieckas peaau3anusi CUCTEMBI IEMOH-
CTpUpYET ee MOTEHIHANT B 33[jauaX MPOTHO3UPOBAHMS, aBTOHOMHOTO YIIPABJICHUS U
MOJIEJTMPOBAHUS CIIOKHBIX COIMAIBHBIX MPOIECCOB, OTKPHIBAsI MEPCIIEKTUBHI IS
JANBHEHIIINX UCCICIOBAaHUN M MPUMEHECHUS B UHTCIICKTYaIbHBIX U aBTOHOMHBIX
CUCTEMax.
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Annomayusn. Paccmompena poib KOCHUMUBHO20 MOOENUPOBAHUS KAK MEMOO0I0SULECKOU
OCHOBYL 071 CO30aHUsL A0ANMUBHBIX 00PA308AMENbHBIX CUCEM HO6020 nokoaenus. Tloka-
3aHO, YMO UCHOIL306ANUE MOOeLell NOZHABAMENLHBIX NPOYECCO8 00YUAIOUWUXCS NO3BOIAEm
nepetimuy om nepCoHANU3AYUL NO PE3YIbIMAMAM K UHMENIEKMYalbHOU NO00epIICcKe Camo2o
npoyecca ooyuenus. ObocHosbisaemcs HeodX00UMOCMb UHMeZPaYUY KOSHUMUBHBIX apXil-
MeKmyp U MexHONO2UU UCKYCCMBEHHO20 UHMELTEeKMA 05l NOCMPOEHUsl 00pPA306aMeNbHbIX
cucmem, CnOCOOHbIX OUAZHOCMUPOBAMYb KOZHUMUBHOE COCMOAHUE 00YYAIOWUXCH, NPOSHO-
3Uposamv mpyOHOCMU U CNOCOOCMBOBAMb PA3GUMUIO MEMAKOSHUMUBHBIX HABLIKOG.

Knwuesvle cnosa. xochumusHoe ModeﬂupoeaHue; aoanmuemvie 06pa3060m€]lebl€ cu-
cmembl, uCKyCCWI@eHHblIZ UHMeENIeKM; KOCHUMUBHAS HA2PY3KA, NePCOHANU3AYUS 06yl{emm;
MemaKkocHUmMUBHble

Beenenne. CoBpeMeHnHbIe TUPPOBBIE MIaTGopMbl 00yUeHHsI B OCHOBHOM OpHEH-
THPOBAHbI HAa YIpaBJICHUE KOHTEHTOM M JHHAMHYECKYIO HACTPOWKY CIIOKHOCTH
3agaHuii. OZHAKO 3TOTO HEJOCTATOYHO JUIS y4eTa KOTHHTHBHOTO Pa3sHOOOpasus
oOyuaromuxcsi. Bo3Hukaetr motpeOHOCTD B cHCTEMax, CIOCOOHBIX YUUTHIBATh WH-
JIMBU Ty IbHBIE OCOOCHHOCTH BOCHPHSTHS, TAMSITH M MBIIILICHHS.

AKTyalIbHOCTb Pa3pabOTKH TAKUX CHCTEM 3aKJI0YaeTcs B TOM, YTO MCIIOIB30-
BaHHE KOTHUTHBHBIX MOJENEH MO3BOJIET pelaTh MpoOJeMbl, CBA3aHHBIE C HE/0-
CTaTOYHOHN ajanTanueil TPaJuIMOHHBIX 00pa30BaTEIbHBIX CHUCTEM K WHIWBUIY-
aNnbHBIM OCOOEHHOCTAM y4alluxcs. OTH HHHOBALMM IO3BOJISIIOT CO31aBaTh
MHTEIJUICKTYalIbHbIE CHCTEMBI, CIIOCOOHBIE HE TOJBKO aJalTHPOBATHCS K ITO3HABa-
TEJILHBIM TIPOLIECCaM, HO U aKTHBHO WX MOJJIEPKUBATh, 00ECIeUnBasl MEpCOHANH-
3MpoBaHHOE 00yUYeHHE Ha HOBOM ypPOBHE.

Metoabl u pesyabtathl. VccienoBanve B 00J1IaCTH KOTHUTHBHOTO MOJIEIH-
poBaHUsI M pa3pabOTKH aJJaliTUBHBIX 00pa30BATENBHBIX CUCTEM 0a3upyeTcs Ha Co-
YeTaHUH HECKOJIBKHX COBPEMEHHBIX METOJIOJIOTHYECKUX TTO/IX0/10B. B ToM umcie:

— MYJIbTUMO/IIBHBIN aHATIH3 MMOBEACHUS YUaIUXCS;

— KOTHUTUBHOE MOJICTTHPOBAHHE,;

— MHKpOOOyYaroIIie TEXHOIOTHH.

Bbienum HaydHBIE M 9KCIIEpUMEHTAIBHBIE HCCIEAOBAHHS BOIPOCOB pas3pa-
0OTKM M TPUMEHEHHs] KOTHUTUBHBIX Mojeneil. MynbTHMOJanbHEI aHaIn3 MoBe-



Pazden 2. VickyccmeeHHbIld UHmeekm U UHOPMAYUOHHbIE mexHOoM02uu 253

JICHHsI YYAI[MXCsl, YTO MO3BOJISIET OCYLICCTBISITH 0oJiee IIyOOKYIO OLICHKY MX KO-
THUTUBHOTO COCTOSTHHSI M CBOEBPEMEHHO KOPPEKTHPOBATh 00pa30BaTelIbHbIC Tpa-
extopun [1, 2]. MuTupoBaHHE NPOLECCOB PELICHHS WHTEIUICKTYalbHBIX 33j1a4
U pPa3BUTUS MHTCIUICKTYaJIbHBIX HaBbIKOB [3, 4]. BHempeHHe WHHOBAI[MOHHBIX
MHKPOMOJEIEH 1 MUKPOOOYYArOIMX CHCTEM JJIsl TOBBIMICHUS THOKOCTH 00pa3o-
BaTesbHOTO Tporecca [56]. KorHnTuBHOE MOAEIUPOBaHHE B KOHTEKCTE IU(PPOBO-
ro oOyuenus [1].

3akaovenne. lcrnonap30BaHME KOTHUTHUBHBIX MOENEH B 00pa3oBaTebHBIX
crcTeMax 00ecreYrBaeT Mepexoj OT CTATUYECKON MepCOHATH3ANNH K IUHAMHUYC-
CKOW WHTEIUICKTYyalbHOH mojyepkke. CucTeMa CHocoOHa NPOTrHO3HMPOBATH 3a-
TPYJHEHUs], IUArHOCTHPOBATh KOTHUTHBHYIO HArpy3Ky M PEKOMEHIOBATh OITH-
MaJIBbHBIC CTPATCTIUN OGy‘-ICHI/ISI.

Paboma svinonnsemcs 6 pamxax epanma Ne 70-2025-000850 na obyuenus cmyoenmog
1o 06pa308amMeNbHLIM HPOSPAMMAM BbICUIE20 00PA308AHUS 01 MON-CNEYUATUCTIOB8
8 cihepe uHPOPMAYUOHHBIX MEXHONO02U.
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Annomayusn. B pabome paccmompeHvl UHMELIEKMYAIbHblEe MenOoObl MOOEIUPOBAHUs
U ROObOPA NAPAMEMPO8 PEHMSEHOBCKUX MOMOSPADUUECKUX CUCEM C Yelblo NOBbIUEHUS
MOYHOCIU U A0ANMUSHOCIU AHAIU3A U300PANCEHUI 00PA3YO8 PAZTUYHBIX MAMEPUATIO8 U
pazmepos 6 npomviuiennocmu. Ilpedcmagnena apxumexmypa cucmemvl ONMUMUZAYUU
napamempoe momozpaga. Coenran 8bl800 0 NePCNEKMUBAX NPEONOHCEHHO20 N00X00A OJisl
unmezpayuu 8 ABMOMAMUUPOBAHHBIE CUCHEMbl AHAIU3A U YNPAGIEHUs 8 HayKe U Npo-
MbIULEHHOCU.,

Kniouegvle cnosa. penmeeno8ckas momozpagus, UHMeLIeKmyaibHble CUCHEMbl, PEKOH-
CMpYyKyus momozpaduu, KOMRbIOMEPHAs, MOMO2PAdUsl, OYeHKA Kavyecmea, OnmumMu3ayus
napamempos

Beenenue. B paboTte paccMaTpuBaeTCsi MHTEIUIEKTYalbHBIA MOJX0A K MOJEIUPO-
BaHUIO U MOAOOPY MapaMeTpOB TOMOrpaUuecKUX CHCTEM JUIs TOBBIIICHUS Kaue-
cTBa CHUMKOB. CyIIECTBYIOIINE METOBI OTPaHMYCHBI CTATUCTHYECKHUMHU MOJIEIIs-
MU U HE YUYHUTHIBAIOT BapUATUBHOCTh (PM3MUYECKUX CBOMCTB U Pa3MEpOB 00pa3loB
[1], cHmKast aAanTUBHOCTh CHCTEMbI. B JaHHOW paboOTe MpeioKeH WHTEIUICKTY-
IBHBIA MOIXOA AJISl PELICHUsS 3a/la4d MPEICKa3aHUs ONTHMAJIbHBIX MMapaMeTpoB
TOMOrpaU4eCcKOil CheMKH MPU COXPAaHEHWH KadecTBa PEKOHCTpYKiuu. HoBuzHa
3aKJII0YaeTcs B COUYCTAHWW MPABWII SKCIEPTHON CHCTEMBI C MareMaTH4eckoil Mo-
JIeNBI0 0CIa0JICHHsT PEHTT€HOBCKOTO M3JIyYEHHS, YTO YBEJINYMBACT aJanTUBHOCTD
CHCTEMBI.

Metoapl 1 MaTepuaJbl, pe3yJbTaThl. B KauecTBe MaTepuaia HCIOIb30Ba-
JIUCh KOMIUICKTHI PEHTTCHOBCKUX ToMorpadudaeckux m3zoopaxenuit mo 1600 cpe-
30B, BCEro 5 oOpasloB C Pa3IUYHBIM XHUMHUYECKUM H CTPYKTYPHBIM COCTaBOM,
a TaKKe BapbUPYIOIIUMCS Pa3MEPOM.

B ocHOBe MaTeMaTHUYECKOTO MOJICIIMPOBAHUS JISKUT YpaBHEHHE OCIA0NICHHS
PEHTIEHOBCKOTO m3iyueHusi [2, 3] B MaTepualie, OMUCHIBAEMOE 3aKOHOM JKCIIO-
HEHIMATLHOTO 3aTyXaHHSI:

I=1yxe
rae lo — MHTEHCHBHOCTH BXOJAIIETO U3Iy4YeHHs, | — MHTEHCUBHOCTD MOCIE MPO-

XOXKIEHHSI CITOST TOJIIMHOM |, | — JHMHEHHbIH K03 GHUIMEeHT 0ocTablieHuss MaTepu-
ana, 3aBHCAIINN OT cOCTaBa U TIIOTHOCTH 00pasna, | — TonmmHa cios.
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IlpeacraBieHHas HHTEIUIEKTYalbHAs! CUCTEMa BKIIIOYAET. MOAYJIb SKCIIEPTHBIX
MpaBWJI, KOTOPBIH aHAIM3UPYET BXOIHBIC JAHHBIC W 33/aeT MCXOJHBIC HACTPONKH
JUI aJITOPUTMOB ONTHMHU3ALMM, MOAYJb aJalTUBHOW ONTHMHU3ALMH HA OCHOBE
SBOJIOIIMOHHBIX AITOPHTMOB, KOTOPbIe MHHUMH3HPYIOT OIMUOKY MEXIY PEKOH-
CTPYMPOBAaHHBIM M ATAJOHHBIM H300pa)kKeHUEM, U MOAYJIb MpeABapUTEIbHON 00-
paboTkn w300pakeHW ¢ QuIbTpanuel myma W HopMmanuzamueil. KagectBo
PEKOHCTPYKLIMHM OLICHUBAJIOCH METPHKAMH CTPYKTypHOro cxozactBa (SSIM)
U cpemHei kBaaparmyeckoi ommoOkoit (MSE) Mexay peKoHCTpyHpOBaHHBIM
U 3TAJIOHHBIM H300paxkeHuem [1].

OKCIEpUMEHTH MPOBOAWINCH KaK Ha CHHTETHYECKUX JIAaHHBIX, MOJICIHpYe-
MBIX Yepe3 npsimoe npeobpasoBanue Pagona [4], Tak U ¢ HCIOIB30BAHHEM PE3YJib-
taToB uccnenoBanuii Ha Tomorpade [TPOAMC.Kommakr. Pe3ynbraTsl mokazaiu
YCTOWYMBOCTD M TOYHOCTH CHCTEMBI, a TaK)Ke aJanTUBHOE ONpeJiesieHHe mapaMeT-
POB CKaHMPOBAHUS B 3aBUCHMOCTH OT COCTaBa U pa3Mepa 00pasLoB.

3akmiouenne. PaspaboTaHHas WHTEIUIEKTyanbHass cucteMa dS((EeKTHBHO
IPEACKa3bIBACT U ONTUMM3HUPYET IapaMeTpbl PEHTIC€HOBCKUX ToMorpagos ¢ yde-
TOM XapaKTEPUCTHK 00pPa3loB, YTO MOATBEPKAACTCS IKCIIEPUMEHTAMH U OIICHKOM
no SSIM. IlpakTiuueckoe NpUMEHEHHE CUCTEMBI COKPATHIIO BPEMS HCCIIEJOBAHMS
¥ TI0Ka3aJI0 BBICOKOE KaueCTBO CHEMKH M MPEUMYIIECTBA COYETAHUS IKCIEPTHBIX
MpaBWJI C MaTeMaTH4YeCKUM MOJEIHPOBAaHHEM M ONTHMHU3aLMEH. DTO MO3BOJSAET
HCTIOJIb30BaTh €€ B HAYYHBIX MCCIIEIOBAHUAX, IPOMBIIUIEHHOM KOHTPOJE U aBTO-
MaTH3allu¥ TOMOTpaduu JJIsl MOBBIIIEHHUS TOYHOCTH M HAJIC)KHOCTH.

CruUCcoK UCTOYHUKOB
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YK 51-77

Bo3moxxHocTU no npumeHeHuto LLM B pa3pabatbiBaeMbix MeToAaxX
ANSA aHaNM3a U CTPYKTypu3aLlMn TEKCTOB HAa eCTeCTBEHHOM SA3blKe

PeunHckuin Bnagucnas AnekceeBsuy rechvlad@mail.ru

Mockosckuli nonumexHudeckud yHueepcumem, Mockea, Poccus

Annomayun. Paccmompena memoouxa 05 ananu3a mekcmos pasiuiutbiX npeomMemnuvix 00-
nacmeli u npeoCcMasnenus ux 6 eude KOHYenmyaibHulx epagos, a mardice 603MONCHOCHb
npumenenus netiponuvix cemetl muna LLM ona ynyuwenus dannou memoouxu. Ilpedcmasne-
Hbl 3Manvi paspadamvléaemMol MemoOuKU: AHAIU3 MeKCMd, CUCeMAMU3ays NOLYYEHHbIX
OdaHHbIX U nocmpoerue epaghos. Paccmompenvt 6o3mooicnocmu no npumenenuio LLM 6 cghe-
pax obyyenusa u ananuza mexcmos. llepeyucienvi NROmeHYUaIbHble 603MONCHOCHU OIS UHMe-
epayuu bonvuux azwikosvix mooenei (LLM) ¢ paspabameisaemyio memoouxy ons aemoma-
musayuy 3manos, mpedylowux uenogeueckoco emeuiamenvcmea. C yuemom cneyuguxu
ceoticmé LLM u pazpabamuieaemoti memoouxu coenano 3axaoueHue 0 803MOACHOCAX A6-
momMamusayuy paspadamvléaemoli MemoouKy u ee npUMeHeHus npu npoyecce 00y4eHus.

Knwuesvie cnosa. ananus mekcma, MemoouKa ananusa mekcma, cucmemamu3zayus oan-
HblX, NPOCPpAMMHOE 06ecnelteHue, bonbuLue A3bIK08blE MOOEU

BBenenue. TekcThl TpeACTaBIAIOT COOOW OCHOBY UIS mepenadyn nHGOpMaIrun —
Oyab TO TEXHUYECKHE MU MOITHYECKHE TEKCThl, — HO TEKCTHI MOTYT OBITH TPYI-
HBI 1151 BOCIIPUATHS M3-32 00MINS y3KOCIIeMaibHOM TepMuHonoruu. Cam mo cede
TEKCT SIBJISICTCS SI3BIKOBOH CHUCTEMOWH — COBOKYITHOCTBIO SI3BIKOBBIX €AMHUII pa3-
HBIX YPOBHEH, CBSI3aHHBIX YCTOMYMBBIMHM OTHOLICHUSIMH. [ npuMeHeHus B cde-
pe o0yueHus HanboJIee OAXOSIUE — 3TO CUCTEMBI, OCHOBAHHBIC HA CMBICIIOBBIX
oTHomeHusX. VX mpuMeHeHne objerdyaeT yCBOGHHE MaTepuana, MOCKOJIBKY CIIO-
coOcTByeT Oosee d3PPEeKTUBHOMY BOCIPHITHIO WH(GOPMAIMK B yIeOHHUKAX, CTATh-
X WIM JeKIusX. Busyanuzanus wHQOpMalMy MOMOTaeT BBIACTHTH Hambolee
Ba)kKHBIE €€ yacTH. /i1 3TOro MO>KHO MCIIONB30BaTh Tpad, KOTOPBIH XapaKTepu3yeT
BBIJICJICHHBIC TTOHSITHS W CBSI3U-OTHOIICHHS MEXIy HUMHU Ha OCHOBE WX Je(QHHU-
Ui 1 peckpumimii [1].

MeTtoapl U MaTepHaJIbl, Pe3yJbTaTbl. MeToOUKa MOCTPOECHHUS KOHILEITY-
ANBHBIX IPa)OB TEKCTA COCTOUT U3 TPEX OCHOBHBIX METOIOB!

1. Ananu3 mMatepuana 3aKiIroyaeTcs B paboTe ¢ TEKCTOM MIpeaMETHON 00macTu
Y BBIJICJICHUH KITIOYEBBIX CIIOB B HEH.

2. CucreMaTH3anus NMOJTYYCHHBIX JAHHBIX 3aKJII0YACTCS B aHAIN3E TMOJy4eH-
HOIT Ha 3Tane «AHaiu3a TeKCTa» HHPOPMALUH U €€ CHCTEMATH3alUH ITyTeM ITOHC-
Ka Ie(UHUIUN U JECKPUNINN BBIICICHHBIX KIIOUEBBIX CIIOB, KOTOpBIE OYIyT BHI-
CTyHaTh B KQU€CTBE CMBICIIOBBIX €IUHHMII TI0JTy4aeMOI CHCTEMBI.

3. Ipornecc mocTpoeHus rpagoB — METOJI, IPU KOTOPOM IPOUCXOJUT TPHMeE-
HEHHE CEMaHTUYEeCKUX U MaTeMaTHUYECKUX METOJOB JJIS CBS3H KIIIOUEBBIX CIIOB,
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MOJyYEHHBIX Ha dTane «CucreMaTn3anuy JaHHBIX», MEXAY co00i U ux mocieny-
I011as1 BU3yaTH3alusl.

Cama metonuka Oblla peaan3oBaHa B BHUAE MPOrPaMMHOTO oOecredeHus, Ipe-
CTaBJICHHOTO BEO-CTPaHHMIIEH, KOTOpasi CTPOMT JiBa TUTIA MOHATHIHBIX rpadoB [2]:

1) rpad, ocHOBaHHBII Ha CEMaHTHYECKOM CETH;

2) rpad, ocHOBaHHBI Ha 3aKoHe bpaadopaa.

B cBoto ouepens, HellpoOHHBIE ceTH, ocHOBaHHBIE Ha LLM (6ombiime s3b1KO-
BBIC MOJIEJM) — 3TO MOIIHBII MHCTPYMEHT, NOMOTAIOIIUIA TPH aHAIU3e ecTe-
CTBEHHOTO s13bIKa. OCHOBHBIM UX MPEUMYIIECTBOM SIBJISIETCS BO3MOXKHOCTh pado-
TaTh HEMOCPEICTBEHHO CO CMBICIOBOM cocTaBisomeil TekcrtoB [3]. JlannHas
0COOEHHOCTD IIO3BOJISICT YJIYUIINTh Pa3pad0TaHHYIO METOAUKY .

3akmouenne. Vcrons3oBanue 3akoHa pacrpenenenus bpaadopaa mist Beiss-
JICHUS! TEMaTUYeCKOro siipa W 30H B MOHATHHHOM rpade OonmucaHus NpeAMETHOI
o0jacTu J000ro TEeKCTa, MOCTPOSHHOM C HCIIONB30BAHNWEM BBIICTICHHSI CEMaHTH-
YEeCKUX CBSI3ed MEXJy CJI0BaMu Mo3BosisieT Oosiee 3 dexkTuBHO ycBauBaTh HHPOP-
MallMI0 M3 CTaTbd, TaK Kak HauOoJjiee BaKHbIE €€ YacTH BBIACISIOTCA B SIpO,
a oCTaJbHBbIE PACHpEACISIOTCS MO 30HaM, YTO TO3BOJIIET HAdaTh €€ H3Yy4eHHE
C KJIIOYEBBIX YaCTeH, a B MOCIECAYIOUIEM NepeX0oIuTh K MeHee BaKHBIM. Biiroue-
HHUE B METOJIUKY HEHpOCETEH MO3BOJIUT YMEHBIIUTh KOJIHMYECTBO BPEMEHH, TPeOy-
€MOe Ha aHaJIu3 TEeKCTa U MOBBICUTH €0 3PEKTUBHOCTB.

CrucoK UCTOYHUKOB
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Y[IK 520.607

Ncnonb3oBaHMe MeTOA0B rNyo6oKoro ooyyeHus ans npepckasaHus
KubepaTak Ha OCHOBe aHaNiu3a ceTeBoro Tpaguka

Cesacteli Erop AnekcaHppoBsuy egordsev@mail.ru

MITY um. H.3. baymaHa, Mocksa, Poccusa

Annomayusn. Paccmompenvl omeuecmseenHbvle NAMEHMOBAHHbIE MEMOObL NPed0OpabomKu
cemegoeo mpaghuxa (punvmpayus, Hopmaruzayus, aczpeeayusi, KOOUPOBAHUE), UCNOTbIVe-
Mble 014 nosviueHus 3QhekmusHocmu Helpocemesvix Mooeiell 8 3a0auax npeodcKa3aHus
kubepamax. Ilpeocmasnenvl aneopummol MawunHo2o o6yuenus (Kiacmepusayusi, noge-
Oenueckull ananus, pagosvie mMoodenu) u memoovl 21yb0ko2o o6yuenus (a8mosnHKodepul,
CNN, LSTM, GNN), peanuzosannvie ¢ omeuecmeennvix paspabomrax. Iokazano, umo
couemanue GpaKxmaibHo20 aHAIU3A, epa@osvix NpeocmasneHull u cUOPUOHbIX apXumex-
myp obecneuusaem nogvluteHue MOUHOCMU U ycmouyugocmu K wiugposanuto. Coenan ui-
600 0 NEPCNEKMUBHOCIU NPUMEHEHUs. 2UOPUOHBIX HelPOCemesbiX CUCIeM 8 COCAase poc-
CULICKUX peuteHUll UHHOPMAYUOHHOU 6e30NACHOCU.

Knrouesvie cnosa: xubepamarxu, enybokoe obyuenue, cemesou mpaguk, npedodpabomka
OaHHBIX, PPAKMATBHBIL AHATU3, HEUPOCemu

BBenenue. CoBpeMeHHBIE CHCTEMBI KHOEpOE30MIaCHOCTH CTAIKUBAIOTCS C POCTOM
YHCIIa aTaK ¥ YCIOKHEHUEM MX CTPYKTYpHI. TpaaullMOHHbIE CHTHATYPHBIE METO/bI
He 00ecIeurBalOT JAOCTaTOYHOTO YPOBHS 3aIIMTHI, YTO JENaeT aKTyaJbHBIM MpU-
MEHEHHE METO/I0B MalllMHHOTO U TITyO0Koro o0yueHus. B oreuecTBeHHOI npakTh-
Ke pa3paboTaH psAn MAaTEHTOB, HANPABIEHHBIX Ha (MIBTPAIHAIO, HOPMAaJIH3AIIIO
Y KOJUPOBAHUE CETEBOTrO Tpaduka, 4yto Gopmupyer 6asy i 3pPeKTUBHOTO 00Y-
JYeHHs HelpoceTeBhIX Mojenei [1, 2].

MeToasl U MaTepualbl; pe3yJbTaThl. [[poBe/icH aHANM3 MATCHTOB U OTeYe-
CTBEHHBIX PEIICHUI: MEKCETEBBIX JKpPaHOB ¢ MaHgaTHOW (uisTpanueit (HITO
«JIenon»), cucTeM Koppeisituu pacnpeseneHusix coobituil (MudoTeKC), mose-
nendeckoro anammsa (Positive Technologies), a Takxke MeTo[0B BEHISBIEHUS aHOMA-
JMii Ha OCHOBE (PpaKTaBHBIX XapakTepucTHK Tpaduka [3, 4]. PaccMorpens! apxu-
TeKTypsl Tayookoro oOyudenus: CNN 11 w3BneUeHHs JIOKaJbHBIX TNATTEPHOB,
LSTM mnst ananmza BpemeHHbIX 3apucumocTeir, GNN s MomennpoBaHus ceTeBhIX
CTPYKTYp, aBTOIHKOJIEPHI ISl BhISIBIICHHs Zer0-day arak. Y CTaHOBJIEHO, 4TO THOpHU-
JM3alHsl CTATUCTUYECKUX U HEHPOCETEBBIX METOJOB 00CCICUMBACT BBHICOKYIO UYB-
CTBUTEIILHOCTh K aHOMAJIMSIM M IIPUMEHUMOCTB B cuctemax |IDS/IPSu SIEM.

3akmouenne. OTeueCTBEHHBIC MMATCHTOBAHHBIC PEUICHHS JEMOHCTPHPYIOT
MPaKTHYECKYI0 Peali3yeMOCTh HHTEIUIEKTYIBHBIX TIOAX0JI0B K aHAJIH3y CETEBOTO
tpaduka. [Ipenodpaborka (dhuipTpanus, HopManu3alys, arperanus) GOpMUpPYeET
KaueCTBEHHbIE aHHbBIE JIJIs 00y4YeHHs, a THOPUIHBIE HEHPOCETEBbIE apXUTEKTYPHI
MO3BOJISTIOT TIPEICKa3bIBaTh aTaKu Ha PaHHUX cTanusax. [lomydeHHBIE pe3ynbTaThl
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MOTYT OBITh HCIIONB30BaHBI MPH NPOCKTUPOBAHUU OTEUYECTBEHHBIX WHTEIICKTY-
aNbHBIX cUCTeM oOHapyxkeHus aTak u moayneir UEBA B cocraBe SOCO02E.

CruUCcoK UCTOYHUKOB
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YK 303.722.29

OueHKa COOTBETCTBMA KAaHAUAATOB KOPMOPATUBHOM KybType
KOMMNAaHWKU: NnepeBOA, KaueCTBEHHbIX NOKa3aTenen
B KONIMYeCTBEHHbIe C MOMOLLbI0O MeToAa (DAKTOPHOro aHanu3a

CemeHioTa AnekcaHapa HukonaesHa semenyutaan@student.bmstu.ru
SPIN-kof: 3977-9883

MITY um. H.3. baymaHa, Mocksa, Poccusa

Annomauyusn. B cmamve paccmampusaemcs memooono2uyeckuii n00xXo0 K OyeHKe coom-
6emcmeust KaHouoamoe KOpHopamusHou Kyavmype xomnanuu. Ilpednosicen ancopumm,
BKIIOHAIOWUTL AHKEMUPOBAHUE, CINAHOAPMU3AYUIO OAHHBIX, NOCIPOCHUE KOPPETSIYUOHHOU
MaAmpuybl, U3IEUEHUE CKPLIMbIX PAKMOPO8 U pacuem UHOUBUOYALbHBIX DaKmopHvlx 6a-
n06. Umozeosas unmezpanvuas mempuxka no3eosienm 00beKMUGHO CPABHU8AMb KAHOUOA-
MO8 N0 COOMBEMCMBUIO KYJIbIMYPHOMY RPOPDUII0 KOMNAHUU.

Knruessie cnoea: xopnopamusHnas Kyivmypa, (pakmopHwili anaius, COOmeemcmeue Kau-
oudamos, HR-ananumuxa, konuuecmeennas oyenxa, nosedenueckue uHOUKAMOopbl

BBenenne. CoBpeMEHHbIC OpPraHM3allMi BCE Yalle PacCMaTpPHUBAIOT KOPIIOpPATHB-
HYIO KyJIBTypy KaK CTPaTeTHUECKHil aKTHB, a IMMOJ00p MepcoHana — KaK CPelICTBO
ee BocmpousBoacTBa. OHAKO TPH HaliMe COTPYIHHKOB KIFOUEBBIC KYJIBTYpPHbBIC
XapaKTePUCTHKH BBIPAKEHBI B Ka4eCTBEHHOH (hopme. JIisi OBBIICHHST OOBEKTUB-
HOCTH ¥ aBTOMATH3aIlMU OICHKU aKTyaJeH IMepeXxoj OT KaueCTBEHHBIX IoKa3are-
Jell K KOJIMueCTBEHHBIM [1].

MeTtoasl U MaTepHaibl, pe3yabTaThbl. [locTaHoBKa 3amaun. Mmeercst BbI-
Oopka M3 N KaHIUIATOB, MPOIICANIMX aHKETUPOBaHHEe MO mikaie Jlafikepra mo m
YTBEPXKICHUSAM, OTPAXKAIOIINM KIIIOYEBbIC [IEHHOCTH KOMIaHuu. Ha ocHOBe 3THX
JaHHBIX CTpouTCs Marpuiia X (pazmepom NXM), mojyieskanias aHanusy. TpeOyercs
BBIZICTHUTH K CKPBITHIX (DaKTOPOB, OMHCBHIBAIONIMX OOIIME JIATEHTHBIC MEPEMEHHbIC
KOPIIOPaTHBHOI KYJBTYPhI, 1 HAa UX OCHOBE BBIYUCIHTH MHTETPANBHYIO METPHUKY
COOTBETCTBHs KaHauata [2].

Memooonozus.

CranmapTu3anus JaHHBIX:

[Ipeobpazyem matpuily X K CTaHAapTU3UPOBAHHOW QopMe Z myTeM HOpMallu-
3aIHu:

2y =2,
J
rjie X; — cpeHee 3HaueHHe 110 NPU3HAKY |, Oj — CTaHJAPTHOE OTKIOHEHHE.

[IpumMensiercst A1sl yCTpaHEHHS BIMSHUS MacIuTada MPU3HAKOB U HOpMain3a-
[IMH TIKAJT OIICHOK.

2. BelunciieHre KOppesiinOHHON MaTpUIbL:
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1
R=—1777Z.
n-1
OTpaxkaeT B3aUMOCBSI3U MEXIy Pa3MYHBIMH KyJIbTypHBIMH MOKazaTensmu. [1o3-
BOJIET BBISABUTH N30BITOUHBIE TEPEMEHHBIE.
3. ®akTopHbIii aHanKu3 (METO/I IJIaBHBIX KOMIIOHEHT):

Rﬁk = Akﬁk!

rae Ay — COOCTBEHHbBIE 3HAUEHHUS, U, — COOTBETCTBYIOIIME COOCTBEHHBIE BEKTO-
pbI ((hakTOpHBIE HATPY3KH).

CoOcTBeHHBIE BEKTOPHI R onpenensioT HanpapieHus GpakTopoB, cOOCTBEHHBIE
3HAYCHUS — MX BAXHOCTh. BriOuparorcsi Takue K, mpu KOTOpPBIX CymMMa JoJiei

k3.
JMCTIEPCUH % >0,rae 6 €[0,7;0,9].

i=1/"

4. NnTeprperarus GakTOpOB:

[IpoBoauTCcs BapuMakc-poTanus, YTOOBI YIYYIIUTh HWHTEPIPETUPYEMOCTh
(haKTOPHBIX HATPY30K M BBIACTUTH (PAKTOPHI, COOTBETCTBYIOIINE KYJIbTYPHBIM Kila-
crepam [3].

5. Pacuer dakTopHBIX 0aIOB [Tl K&KIOTO KaHIUIATA!

w0 _ ®)
B =2jaw 2,

k o
rac VVJ( )— BE€Ca I10 (I)aKTOpHOI/I MOACIIH, Zij — CTaHAApTU3HUPOBAaHHAA OLICHKA

10 TMPHU3HAKY | y KaHauaaTa i.
6. ToroBast MeTprKa COOTBETCTBHSI:

S =K a FY,

TJIe &}, — Beca (paKTOPOB, OMPEALIIIEMBIC DKCIIEPTHO WJIH 110 J0JIC TUCTICPCHUH.
3a1c.moqe1me. HpeI[HO)KCHHLIf/JI METOA IMO3BOJISIET HUCIIOJIB30BaTh (l)aKTOprIf/i

aHanm3 Kak 3pQexTuBHBIN MHCTpYMeHT HR-aHanutukm /Ui OeHKH KyJIbTYPHOTO

COOTBECTCTBHUA. HOJIy‘-ICHHI)IC KOJIMYECTBCHHBIC OIICHKHW MOXXHO HHTCFpHpOBaTI) B

KOMHJ’IeKCHy}O CI/ICTCMy paH)KHpOBaHI/ISI KaHIu1aTOB Hap;my C HpO(i)CCCI/IOHaHBHLI-

MU KOMIICTCHIIUAMHU U OIIBITOM.
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Y[IK 621.3.09

ApXUTEKTYpbl HEMPOHHbIX ceTen U PYHKL UK NoTepb
ANA CMHTE3a MOHOrpaMM PaAMO30HAUPOBAHUA MOHOChepbI

CuHruH Anekcanap Hukonaesuy' SinginAN@mpei.ru
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Wupbiin AHppen Onerosuy sao@izmiran.ru

SPIN-kop: 8078-9492

" ®rboy BO «HMNY «M3M», Mockea, Poccusi

2 IHCmMUmym 3eMHO20 Ma2Hemu3ma, UOHOCepb U pacnpocmpaHeHus paduosonH PAH
um. H.B. llywkosa, Mockea, Tpouuk, Poccus

Annomauua. Paccmompena npumenumocms uckycemeennwvix netiponnvix cemeti (MHC) ona
CUHME3d UOHOSPAMM PAOUO30HOUPOSaHUsi uoHocgepvl. Onucana chneyuguka npeomMemnou
obnacmu u dannwix. Paccmompenvt cywecmsyiowe nooxoowl K peuienuro aHaioeudHbix 3a0ay.
0603Hayenbl K0uesble paziuyus Mexcoy munogou 3a0auetl 2eHepayu U300paxicesull u cum-
me3om uonoezpamm. Ilpoananuzuposamnsbl Memoovl CpasHeHUs JIMATOHHOU U C2eHEPUPOBAHHOU
uonozpammol. COenano 3aKodeHue 0 HenPUMEeHUMOCIU PA3IUYHBIX DYHKYULL NOMEPDb 8 Kaye-
cmee yenesbix OJist NOCMAGIEHHOU 3a0aU4U U NPeOoNCEeHbL AIbIMEPHAMUBDL.

Knrouegvie cnosa. paouosonouposanue, uonocgepa, 2eHepamueHvle HelpoHHble cemu,
VCNIOBHAR 2eHepayusi U300PANCEHUL, OYEHKA CXOHCECU U300OPANCEHU

Beenenue. B nannoii pabote mpemnaraercst paccMoTpeTh npumenumocts MHC
B KaueCcTBE aJbTEPHATUBHOIO clioco0a CHHTE3a MOHOTPaMM PaAMO30HIMPOBAHUS
noHocepsl. TpaJUIIMOHHO OH OCHOBBIBACTCS HA PEIICHWH KPacBOHM 3aaayu pac-
NPOCTpPaHEHHsI PaAHOBOJIH B ABYMEPHO-HEOAHOPOAHOH HOHOC(hEpe, OTHAKO TAKKE
CYMIECTBYIOT APYTHE METOMBI.

Metoabl 1 MaTepuabl, pe3yabTaTbl. CHHTE3 HOHOTPaMM B KOHTEKCTE TIy-
O6okoro o0y4yeHHsi CBOAWTCS K THUIIOBOH 3ajjaue yCIOBHOW reHepanuu H3o0paske-
Hus. B Hell B 3aBUCHUMOCTHU OT BXOJHOT'O yCJIOBUS, KOTOPOE 33Ja€T XapaKTEPUCTH-
Ky TeHepaluuu, TOJy4yaeTcsi BBIXOAHOE u300paxeHus. B kauectBe Bxoza
WCTIOTIB3YIOTCSI METalaHHBIE M3MEPEHHH, B Ka4eCTBE BBIXOJa — CIIEKTPOrpaMMa.
MertagaHHble YCIIOBHO pa3/eleHbl Ha ABE TPYIIIBL ONpPEACISIONIME BHEIIHHUE
YCIIOBHS M ONIpENENIAIOUINEe IapaMeTphl n3MepeHnid. CrekTporpaMma npeAcTaBIsieT
cO0OH XapaKTePHCTHUKY 3aBHCUMOCTH BPEMEHHU TPYIIIOBOTO 3ama3/bIBaHUs U aM-
TUIUTY B! KQKIO0H MOJIBI PacIpOCTPaHEHHsI OT YaCTOTHI M3TYUYEHUs! IPH HAKIIOHHOM
paaro30HIupoBaHud. JlaHHBIe XpaHITCS B crenuansHoM (opmare [1] u ucnosns-
3YIOTCS i1l OOYUYCHHS MOJICIIH.

KauectBo pemienus 3amaun 3aBucut oT apxutektypsl MHC u, ucnonb3yemoi
npu oOyueHud, QYHKUUU TOTephb. [103TOMY Ui JOCTHKEHHs CTaOWIIBHOTO pe-
3ynbTaTa TpeOyeTcsl afanTalus CYIIECTBYIOIINX T'€HEPaTHBHBIX ICKOAEPOB IS
paboTHl C BEKTOPHBIMH MPEACTABICHUSIME, HECYIIUMHU (HPU3UUECKUI CMBICI, U TTO/-
0op (QyHKIMU MOTEPh, OTpaKaloUIed HEJOMYCTUMOCTh NPUCYTCTBUSI apTe(akToB
B BBIXOZHOM HM300paXCHUH.
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[TonukcenpHOE CpaBHEHHE M300PAKEHUH SBISETCS PACIPOCTPAHEHHBIM CIIO-
co0OM OLICHKH MJCHTHYHOCTH M300pakenuit [2]. s oOyuenns MHC B kauecTse
(YHKUIMH OTEPh MCIIOB30BaIach OJIHA U3 PAa3HOBUIHOCTEH — CpeAHEKBaApaTHy-
mast (MSE). Ilpu 3HaunMeIx B aOCOMOTHOM 3KBHBAJIEHTE pPe3yiIbTaTax, COCTABUB-
mmx ~ 0,04, BuzyanbHas OLeHKa pe3yJbTaToB, HE MO3BOJIIA 3aBUTH O COCTOS-
TENBHOCTH pelleHus. B xonme mccnenoBanus geHOMEeHa OBUIO yCTaHOBJIEHO, YTO
Oomee 99,5 mpoLEHTOB MUKCeNel MOHOTpaMMBI HE HECYT B cebe WMH(pOpMaluu
U SBIAIOTCS IIyMOM. MoJenb Y4YUTCS TEHepUpOBaTh IIyM, (DYHKIHS MOTEPh He
MPUHYKJIAET K OTPUCOBKe nertanell. M3-3a HeogHO3HaYHOCTH BHIOOpa IENEBOM
METPUKH OB MPOBEIECH SKCIEPUMEHT MO PEKOHCTPYKUUH HISHTHUYHOH HOHO-
rpaMMbl CBEPTOYHBIMH aBTO3HKOAepamu. B HeMm Bce Mmerpuku [2] BbICTYHHIN
B KauecTBe (DYHKIIMU TOTEPh U CPABHHUBAIHMCH MEXay coboil. HecocTosTensHOCTD
MSE BocmpousBenach B paMKax AaHHOI'O SKCIEPUMEHTa, HAWITYy4YIIUH pe3yibTaT
CXOKECTH ToKa3ana metprka SSIM.

3akmouenne. [Ipumenenne MSE u npounx MeTpuk MOMUKCENBEHOTO CpaBHE-
HUS JUIS YCIIOBHOW TE€HEpali HOHOTPaMM M3 BEKTOpa METaJlaHHBIX HE MPUBOAUT
K JOCTHKCHHIO TPHEMJIEMOTO pe3yJibTaTa HM3-3a COOTHOLICHHS IIyMa/3HauuMoil
uHpOpMauu B crekTporpaMmax. ONTHManbHOW AJsl JaHHOW 3aJa4yd SIBJISETCS
MeTpuka SSIM.

CnuUcoK UCTOYHUKOB
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Annomayusn. Paccmompern nooxoo K co30aHuto UH@GOPMAYUOHHOU CUCTEMbL BU3YANUAYUU
epaga 3Hanuil Ha ocHose mepmunos, npedocmasisiemvlx ehewnum APl. TIpedcmaesnena
aApPXUMeKmypa peuleHusl, GKIOYarwds NPOSPamMmHbill MoOyIb Ha a3zvike Python, cepsepryro
yacme Ha szvike GO u unmepgeiic suzyanuzayuu Ha 6aze React. Cucmema naensono Oe-
MOHCMPUPYem 63AUMOCEA3U MeHCOY MEPMUHAMU U CMPYKMYPY npeOMemublx obnacmell,
oxeamvigaemuix ucmounuxamu. Ilpednosicennoe peuwenue obnadaem NOMeEHYUAIOM OJis
NPUMEHEHUsL 8 UCCILe008AMENbCKUX NPOEKMAX, C6A3AHHBIX ¢ 0OpaAbOmMKOU 6OILUO20 KO-
yecmea pasnuHol RPOPECCUOHANLHOLU TUMEPAMYPbL.

Knrwuesste cnosa. zpagp 3nanuti, smbedounzu, oopabomka mepmuHo8, KOCUHYCHOe pdac-
cmosHue, 6eKMOPU3AYUs, ceManmuyeckas 6au30cms

Beenenne. lHTeHcHBHOE pa3BUTHE LU(PPOBBIX TEXHOJIOIMH M pocT oObeMa Hayd-
HBIX TyONMKaIidi TPUBOIAT K HEOOXOAWMOCTH CHCTEMATH3allMM M HArJSTHOTO
NpeiCTaBIeHUs JaHHBIX. [ padbl 3HaHMI NPENCTABISIOT COO0H BU3YaJbHBIA CIIOCO0
OTOOpaXEHUS CBA3EH MEXIy TepMUHAMH M Kilaccamu, HO3BOJIIIOLIMHA aHATU3HPO-
BaTh COJIEP>KMMOE MCTOYHHMKOB C MO3UIMHA X TEMAaTHYECKOro OXBaTa U Hepapxuye-
cKoM cTpyKTypsl. Ilogxon akTyaneH B KOHTEKCTE 3a/1a4 aBTOMATU3UPOBAHHOTO aHa-
7M3a HAyYyHOW W TeXHWYecKoW JjmrepaTypbl. [IpoexT mpencraBnser coOoi
peann3almio CUCTEeMbl, 00beANHSIONIEeH HecKobko BHEIHNX APl yepes cepBepHbIit
KomroHeHT. [lonydeHHble TepMUHBI IpeoOpasytoTest B amMOeauaru [1], comocras-
JSIFOTCS € y31aMu rpada, pyu HeoOXOAUMOCTH JOOABIISIOTCS KaK HOBBIE U BU3yalH-
3UpYyIOTCS B BeO-HHTEpdetice.

Metoabsl W MaTepuanabl, pe3yiabTaTtbl. Crucrema TONy4aeT TEPMUHBI
u3 BHemHero API, o6pabaTeiBaloniero TeKCThl HAYYHOU JTUTEPaTyphl. ApXUTEK-
Typa BKJIIOYaeT NPOrPaMMHBIM MOIyJib, MpeoOpa3yomuil MOJdy4YeHHbIE TEPMHU-
HbI B SMOE/JIMHTH, BHITOJHSIONIMN MOUCK UX B rpade U J0O0aBISIONINI HOBBIC
y3JIbI P HEOOXOJMMOCTH [2], cepBep, peann3oBaHHBIH Ha s3bike GO, oTBeya-
IOIIUI 32 MHTETpaIlUi0 MOYJICH W MapuipyTHU3aIluio JaHHBIX, U calT Ha React,
KOTOpHIH obecreunBaeT Bu3yaitu3anuio rpada 3Hanuid. [Ipu nocryminenun tep-
MHUHOB C cepBepa (GPOHTEHJ BBINOIHSICT HPEABAPUTENBHYIO O0pabOTKy aJis
OTIPE/IeNICHNs TOUYEK CBS3HOCTH M MOMCKAa KOMIIOHEHT CBSI3HOCTH, 00ecleuynBaeT
noctpoeHue rpada oT KOpPHS M BU3yaJbHOE BBIJCICHHE JOOABICHHBIX TEPMH-
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HOB 3€JICHBIM IBETOM. J[aHHBIH MOJIXOJ YHPOILAET OTCIEKHBAHHE TMHAMUKH
W3MEHCHHUS JaHHBIX.

Pazpaborannas cucrema OblUla MIPUMEHEHA Ha TECTOBBIX TEPMHUHOJIOTHYECKUX
IpyIIax, CBSI3aHHBIX ¢ O0JIAYHBIMU BBIYUCICHUSMH, MOHUTOPUHTOM, YIIPAaBICHUEM
HETIPEPBIBHOCTBHIO M aHAJIUTUKOW. Pe3ynbTaThl mokasanu, 4To mporpamMmmHoe obec-
HIEYCHUE CIIPABIIAETCS C ITOCTABJICHHBIMH 33/1a4aMH M TIO3BOJISIET HAIJISIHO YBU-
nethb rpad 3HaHMiT B BeO-uHTEpdeiice.

3axiouenue. Llens paGoThl, 3aKiI0YaOIAsCcs] B CO3JaHUM MH(POPMALMOHHOM
CHCTeMbl BH3yanu3aluu rpada 3HaHWH Ha OCHOBE TEPMHHOB, TOJy4aeMbIX
n3 BHemHero API, Oputa octurHyTa. PazpabotaHHoe pelieHue 1eMOHCTPUPYET pa-
00TOCTIOCOOHOCTH Ha TECTOBBIX JIAHHBIX, A TAKKE IOJICP’KUBACT MACIITAOUPOBAHNE
u obecreunBaeT BBICOKYIO HMHTEPIIPETHPYEMOCTh MpPEACTaBICHHBIX 3HaHWHA. Bo3-
MOYKHOCTH CHCTEMBI ITO3BOJISIIOT MIPUMEHSTH €€ [UIsl aHaIM3a COJep KaHHus HayqHOI
1 00pa3oBaTelIbHOM JTUTEpaTyphl, BBISBICHUS KITIOYEBBIX TEMATHK W HEIOCTATOYHO
oxBayeHHBIX obmacted [3]. TlomydeHHBIC pe3yNbTaThl MOATBEPIKIAIOT pabOTOCIIO-
COOHOCTB CHCTEMBI M CO3/1aI0T OCHOBY JUIS €€ JaJIbHEHIIero pa3BUTHS — B TOM YHC-
Jie B HaNpaBJICHUM aBTOMATHUYECKON BaJMIAllMM CBA3EH, ONTHMHU3AIUU JIOTHKH CO-
MOCTaBJICHHsI TEPMUHOB U paclIvpeHus rpada 3a cueT HOBBIX HCTOYHUKOB JIAHHBIX.

CnMUcoK UCTOYHUKOB
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Annomayusn. Asmopamu paccmompen onvim npogeccuonanvnou noozomoexu HT-
cneyuanucmos 6 Tonvammumuckou akademuu ynpaeienus. ban nocmpoen nopmpem HUT-
CReyuanucma Ha OCHO8e AHAIU3A nompebHOCmell pabomodamenell, AHATUMUYECKUX Md-
mepuanos u npopeccUoHAIbHbIX CIMAHOAPMO8 U NepecMOmpeHo codepicanue obpazosa-
menvHol npoepammul. Beinu paspabomanvl u peanusosanvi 6 yuebHom npoyecce npoghuio-
HbIX 00pA308amenbHblX NPOSPAMM ONpedeleHHble Mapuipymvl O0CBOeHUsL TeXHOI02Ul
UPMYanbHoU U 0ononnenHou peairvrocmu 8 pamxax OIOII «/Jusaiin u pazpabomka yugh-
POBBIX NPOSPAMMHBIX NPOOYKkmos» Hanpasienus nooecomosku 09.03.03 «lIpuknaonas un-
dopmamuxa».

Knrwouesvie cnosa. yugposvie mexnonozuu, mexHoio2us SUPMYaibHolU peatbHOCmU, npo-
Geccuonanvras n0O20MOBKA, MAPUIPYM OCEOEHUSL MEXHOL02UU

BBenenue. Ha ¢one nndpoBnzanny obmecTBa 1 N3MEHEHUS BCEH JKU3HEAEATEINb-
HOCTH YeJIOBEYECTBa CEerofHs BocTpeOoBaHBI: MHxeHep MU, cnenmanucTt mo Ku-
Oepbe3omacHOCTH, aHATUTHK daHHbIX, DevOps-umkenep, Data Scientist, MoOwIb-
HBIII pa3paborumk, OnokueiiH-pa3paborunk, Big Data umxenep, pa3paboTurk
VR/AR, UX/Ul-qu3aiinep, o0iauHblii apXUTEKTOp W Japyrue. IIporaosumpyercs
yCHWJIeHHE crpoca Ha paspabotku B chepe reiimudpukanun, VRIAR, nuppossix
JIBOIHUKOB ¥ BUPTYaJIbHBIX IIPOCTPAHCTB [1].

Metoabl u Mmatepuanasl; pe3yasbtarsl. K 2020 roay cioxummce uctopude-
CKHE TPEINOCHUIKH, KOTOphIe MOTPEeOOBAIN KapAHHAIBHOTO MepecMoTpa mpodec-
cuoHanbHOM moarotoBku UT-cnenuanuctoB B TONBSITTUHCKOM aKaJeMHUH YNpaB-
JICHUSI. CTPEMHUTENbHOE pa3BUTHE MUGPOBBIX TeXHOIOTHH, mepexon k PI'OC BO
3++, oOyueHne Bcex COTPYOHHMKOB AKageMuu N0 (eaepajbHBIM Nporpammam
B VHHOMNONNCE, MOSIBICHUE CPEAW WHAYCTPHAJIbHBIX HapTHepoB Axaxemun WUT-
KOMIIaHWH, CIeNHaIU3UpPYIOIMXCs Ha pa3paboTke V R-ipuioxeHuii.

KitoueBbIMH WTOTaMu akTyalM3alUM MPOTPaMMBI CTAJIH: MOCTAHOBKA HOBBIX
neseil o0ydeHus; paspaborka moptpera UT-cnemumanmcra, AByX mpoduiield mpo-
rpaMMBbl, HOBBIX KOMIIETEHTHOCTHBIX MOJEJEH BBITYCKHHKOB, MapIIPyTOB OCBOE-
HUSI TEXHOJIOTMH M HOBOT'O COZEPKaHMs AUCLMILUIMH. bbuto mepecmoTrpeHo conep-
JKaHWe 00pa3oBaTeNbHOW MPOTPaMMBIL: OIpEIeieH MepedeHb HOBBIX AWCIMIUIMH,
KOTOPBIE MO3BOJIAT OCBaUBaTh COBPEMEHHBIE TEXHOJIOTHH, U TIEPEUCHb TUCLUIUINH,
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KOTOpBIE TIOJUIeXAT aKTyalIN3allii;, MPUHATO pelieHre O 3almycKe ABYX MpoQuieit
oOpazoBarenbHON nporpammel: «[IpuknagHas WHPOpPMaTHKa B HU(PPOBOH IKOHO-
MUKe» U «/[u3aiiH u pa3paboTka UPPOBBIX MPOrPaMMHBIX TPOAYKTOB». K HOBBIM
TUCIUIUTAHAM, HeoOXomuMbiM st ocBoenus VR/AR ormecmu: 3D-mopenupo-
BaHUE, AHUMalMOHHBIE TexHojoruu, CLeHapHOe MoAeIupoBaHHE, TeXHOIOTUU
BUPTYAJIBHOH M JIOTIOJIHEHHOW PeasbHOCTH. 37eCh HEOOXOIMMO OTMETHTh, YTO HE
TOJILKO JIMCLUIUIMHBI, CBSI3aHHBIC ¢ MPO(ECCHOHATHLHBIMU KOMIICTCHITUSIMH, 00eC-
[IEYNBAIOT TPACKTOPHIO OCBOCHUS IIU(PPOBBIX TEXHOJIOTHIA.

3akmouenue. IlpencTaBieHHBIE B CTaThe OMBIT MPUMEHCHUS TEXHOJOTHI
VR/AR B npodeccronanbHoi moarotoske UT-crenuanucToB HMeeT MOJ0KHUTEb-
HBIE Pe3yNbTaThl. JJaHHBIN ONBIT OBLT TPAHCIUPOBAH Ha Jpyrue mu(ppoBble TEXHO-
norun (Hampumep, Oonbinve nanubie, Hewpocetn u MU B OIIOIT «IIpukiamHast
uHpOpMaTHKa B IU(PPOBOIH IKOHOMHUKEY), HA OCHOBAHUH YETO MOXKHO JICJATh BbI-
BOJ 00 ero yamBepcanbHOCTH. OTMETHM, UTO TIPOBEICHHAA paboTa Mo aKTyamu3a-
uu OITOIT goctaToyHO 00BEMHAs, UMEET UTCPATUBHBIN XapakTep, TpeOyeT Jyiu-
TEIBHOTO TIEPHO/Ia U ITOCTOSTHHOTO NoBbITIeHus kBanmudukarwu [1T1C.
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Annomayun. Paccmompen npoyecc pecynaprHo2o 00HOGNeHUs mabnuybl OaHHbIX 6 op-
mame LSM-0epesa 6 pearuzayuu Apache Paimon npu nomowu ETL-uncmpymenma Apache
Soark, moodenupyrowuii obnosnenue oannvix 6 xopnopamuerom xpanunuuje (Lakehouse,
DWH). O6rapyscen pocm epemenu 06HO6eHUs mMabauy APU 6bINOIHEHUU MHONICECTGEH-
HbIX Umepayuil 3anucu U Uccied08anvl NPUYUHbI POCMA. UCKTIOYEHO 6IUAHUE COOPUWUKA
mycopa (Garbage Collector) Java-mawmunst, énusnue xonuwecmsa gepcuii (Snapshot), a
maroice coicamus dannwix (compaction). Yemanosnen nunetinolii xapakmep 3aucumocmu
ckopocmu 3anucu Paimon om xonuuecmea memaoannuix, a maxoice ciabas 3a6UCUMOCTb
ckopocmu umenusi om Heeo. Hatiden cnocob pewenus npobnemvl pocma 8pemenu 3anucu
wmammuvimu cpedcmeamu Paimon — kowuposanuem memaoannvix 6 namsmu. Ilposedensi
HauanbHble JMansl UCCIEO008AHUA GIUAHUA KOIUYECEA OAKemOo8 HA CKOPOCmb pabombl ¢
Paimon.

Krouesvie crosa. xpanunuwa oannvix, DWH, lakehouse, 6aswvr dannvix, cmpyxmyper dan-
nuix, LAM-0epeso, Apache Paimon, Apache Spark, Java, Compaction, memaoannvie

Beenenue. Xpanwiniia JaHHBIX MTPOIUIM MyTh Pa3BUTHA OT Kiaccuueckux DWH
Ha OoCcHOBe pensauoHHbEX 1 MPP 6a3 mannbix, no data lake u lake house apxurek-
typ [1], KoTOpBIE 0OECeUnBaOT XpaHeHHE H 00paOOTKY KaK CTPYKTYPUPOBAHHBIX,
TaK U HECTPYKTYPUPOBAaHHBIX JaHHBIX, a TAaKXKe 00JIaJal0T JYYIIMMH MOKa3aTels-
MH MaclITabupyeMOCTH Ha OONBIINX 00BEMaX JaHHBIX 110 CPABHEHUIO C KJIacCHye-
CKHM TIOAX0J0M. B ocHOBe coBpeMeHHBIX |ake house perrenuii jiexaT OTKPHITHIE
tabmmunbie Gopmarel (OTF). IMepcnextuBabiMm OTF dopmarom sieisiercss Apache
Paimon, koropsrlii mosiBuiicst B pamkax npoekta Apache Flink u paccuunran Ha mo-
TOKOBYIO 00pa0OTKy M MCIOJIb3YyeT XpaHeHHe AaHHBIX B Buae LSM-nepesa, koTo-
poe Takke cumraercs nepcnekTHBHbIM Uit HTAP-marpysok. B manHO# pabote
HCCIIeIyeTCsl ero MPUMEHEHHE TaK)Ke B MAKETHOM PEXHMeE sl 00eCIIedeHUs! COB-
MECTHMOCTH C CYIIECTBYIOIIMMH BUTpUHAMU. OOHAPYKEHO BIMSHUE METaJIaHHBIX
Ha CKOPOCTh pabOTHI U PEKOMEHIOBAHBI MEPHI 10 CTAOWIIN3AI[H CKOPOCTH.
Metoabpl U MaTepuaibl, pe3yabTaThl. B pabore uccienosanack pabora
Open Table Formara Apache Paimon [2] B makeTHOM peXuMe IIPH IIOMOIIH
¢peiimBopka Apache Spark [3]. 3amaga cocTosina B MHOTOKPATHOM OOHOBIICHHU
TaOJNUIBI ¢ IEPBUYHBIM KIIIOYOM, KOoTopas XxpaHurcs B Buae LSM-nepesa [4] mo-
Bepx ¢opmara parquet, 1 I3MEepeHUH BpeMeHH OOHOBIICHHUS U TIOCJICAYIOIIETO uTe-
HUs TaOJHIBI B 3aBUCUMOCTH OT KOJIMYECTBa MPOBEACHHBIX WTEpaluil 0OHOBIE-
Hus. MccnenoBaHue JOMHKHO OBLIO TOATBEPAWTH THIOTE3Y O TOM, YTO BpPEMs
paboThl BUTPUHBI CTAOMJIBHO W HE 3aBHCUT OT KOJIMYECTBA WTEpAIMi 3allHCH,
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3a UCKJIIOYEHHEM HeOOJbIIMX KoJeOaHuil mpH MpoBeaeHUH compaction. OaHako
B MpoIecce HCCIIeA0BaHus ObLIM OOHapyXeHbl cyiiecTBeHHble (mopsaka 50 %)
KOJIcOaHUs] BpEMEHH 3aliCH. BpUIO TIPOBEICHO MCCIIEI0BAHUI IPUYHMH UX HOSBIIC-
HUS. BIMSHHUS COMPAction, BiusiHUS KoiMvecTBa (aiioB M KOJHYECTBA BEPCHid
JaHHBIX, cCOOPKY Mycopa Java [5], orpanndeHHii KOJHMYEeCTBAa OTKPHITHIX (pailIOBBIX
JIeCKpUNTOpOB. B pe3ynbTare ObUTa yCTAHOBICHA 3aBUCHMOCTD OT KOJIHYECTBA Me-
TaJaHHBIX. OKa3aJoCh, YTO MMEHHO OHHM JAaXe 0oJyiee CYIIECTBEHHO BIHSIOT
Ha CKOpOCTb paboThl Apache Paimon, yem KOJIMYeCTBO JAHHBIX M COmpaction.
B pesynmeraTe 00HApYKEHO, ITO CTAOMIH3AIUs PaOOTH BUTPUHBI TOCTUTACTCS TTPH
KAIIMPOBAHUU METAIaHHBIX B MAMATH MHUIIYIIETO MPOLecca U yMEHBIICHHH KOJIHU-
YecTBa METAJIAaHHBIX 3a CYET COKpAICHHs 4Hcia cekuuid u OakeroB. [locnennee
YTBEPXKICHUE WHTEPECHO TEM, YTO OOBIYHBIC PEKOMEHIAIMU IO ONTHMHU3AINU
CKOpOCTH palboThI C JaHHBIMU B Paimon yka3bIBalOT Kak pa3 Ha yBEJIHMYCHUE KOJIHU-
4eCTBa CEKIUI U 0aKEeTOB, HO HE UCCIICAYIOT BEPXHHE TPAHHIIBL.

3akaovenne. B pabore ycTraHOBICHA CYNIECTBEHHAs 3aBHCUMOCTh CKOPOCTH
3allMCH BUTPUH JaHHBIX Ha ocHOBe Apache Paimon ot koiudecTBa METaJaHHBIX.
Takxe 0OHapyKEHO, YTO BIMSHUEC HA YTCHHE CYIIECCTBEHHO MEHBIIE, YeM Ha 3a-
nuck. [IpeokeHsl peKOMEHIaUK 0 YCKOPEHHIO M CTa0MIM3allii BPEMEHH pa-
OOTHI 32 CYET XPAHEHUSI METAIaHHBIX B ONCPATUBHOM mamsiTH. [Ipe/yioxkeHbl orpa-
HUYCHUS 110 KOJMYECTBY CEKIUil 1 0AKeTOB B IAHHBIX, KOTOPbIE YMEHBILIAT 00bEM
METaJJaHHBIX U YCKOPAT pabOTy BHTPUH.
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Annomayun. Paccmompena npobnema Oeuyuma pasmeuenuvix OAHHbIX 0N 00yYeHus
2nyboKux HetpoHHvlx cemell. [Ipedcmasnen nooxo0 K CO30aHUI0 CUHMEMUYeCKUx 00yuar-
WX 8bI60POK € UCNONBb30BAHUEM 2E€HEPAMUBHO-cOCmAzamenbhbix cemell. [lokazanvl npe-
UMywecmsea memood, GKI0UAs B03MONCHOCHb KOHMPOIA HAO pasMewjeHuemM o0beKmos,
8apuamusHocmuio oros u napamempos oceeujerus. Coenansvl 8b1800bl, YUMO NPEONONHCEH-
Has MemoouKka noseoasem 3(GexmusHo pacuupsams cywecmeyouiue Habopvl OAHHBIX
u Modicem Ovimb npuMeHeHa Ojis 3a0ay, 20e cOOp PearbHblX OAHHBIX 3aAMPYOHEH.

Kniouesvie cnosa: zenepamusno-cocmszamenvbhbie cemu, cunmemuieckue Oanuvle, 00y-
yaiowue 8blOOPKU, 21yO0KOe 0byUeHUe, KOMNbIOMEPHOE 3PEHUE

Beenenue. Kak cieayer n3 Ha3BaHMS, CUHTETHYECKHE AAaHHBIE — 3TO JaHHBIE,
KOTOpPBIC CO3/IaHbl HCKYCCTBEHHO, a HE B Pe3yJibTaTe peanbHbiX coObITHit [1]. Cun-
TETHYECKHE JaHHBIE CIIOCOOHBI C BEICOKOW TOYHOCTHIO BOCHIPOU3BOAMUTE CTATUCTHU-
YeCKHe CBOWCTBA U CKPBITHIC 3aKOHOMEPHOCTH peaibHbIX JAHHBIX, COXPAHSIS MPH
9TOM KOHTpPOJHpYeMble oTin4us [2]. D10 no3BossieT 3hHEKTUBHO NPUMEHSTh MX
JUIsl IOTIOJIHEHHS M OalaHCHMPOBKM 00ydYarolux BBIOOPOK. B ciyuasx, xorza cOop
peaNbHBIX JAaHHBIX HEBO3MOXKEH WIIM SKOHOMHUYECKH Heleliecoo0pa3eH, CHHTETH-
YecKre JJaHHbIe, CTEHEPUPOBAHHBIC HA OCHOBE SKCIIEPTHBIX 3HAHUH O TPEJAMETHOM
001acTH WM C MCIOJB30BAaHUEM CIICLHAIM3UPOBAHHBIX aJTOPUTMOB, CTAHOBSTCS
€IMHCTBEHHBIM MPAaKTUYECKUM MCTOYHHKOM IJisi 00y4YeHHs: MoJiesieil MaIlnHHOTO
00y4YeHusI.

Metoapl U MaTepuajbl; pe3yJbTaThl. Bepudukaus npakTuaeckon npume-
HUMOCTH CHHTETHYECKHX JIAaHHBIX MPOBOJWIIACH Ha 3ajadye Kiaccu(uKauu u300-
PaKEHUH C UCIOJIB30BAaHUEM IIyOOKHX HEHPOCETEBBIX apXUTEKTyp. Moaens o0y-
yamach Ha TpeX pa3lIMYHbIX Habopax JaHHBIX: WCKIIOYHTEIBHO Ha pPEaTbHBIX
JAHHBIX, UCKIIIOYNTEIILHO HA CHHTETUYECKUX JIaHHBIX, a TaK)Ke Ha KOMOWHUPOBaH-
Hol BbIOOpKe. Hammydmime pe3ynbraThl IpoJIeMOHCTPUPOBAIA MOJIENb, O0yYeHHAs
Ha KOMOMHHMPOBAaHHOM HaOOpe JaHHBIX, YTO CBHUJICTEIBCTBYET O CHHEPIreTUIECKOM
s¢dexTe Mpu COBMECTHOM HCIIOIB30BAHNH PEAIBHBIX U CHHTETHYECKUX 00pa3LoB.
BaxHO OTMETUTB, YTO HCIOJIB30BAHUE WCKIIOYUTEIBHO CHHTETHYECKUX JaHHBIX
TaKXe MO3BOJIMIO IOCTUYD yIOBIECTBOPUTEIBHBIX PE3YIBTATOB, YTO MOATBEPKAACT
NEPCIEKTUBHOCTh UX IPUMEHEHUS B YCIOBUAX Ae(QULINTA PEaTbHBIX TaHHBIX.
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3aki0ueHne. DKCIIEPUMEHTAIBHO MOATBEPKACHA ONepauuoHHas 3QQexTrs-
HOCTh T€HEPaTHBHO-COCTS3aTEIBHBIX CeTeH Ul CHHTe3a 00y4aloluX AaHHBIX, T03-
BOJIIIOIIMX TPEO0JI0JIEBaTh KIIOUEBOE OTpaHWYEHHE COBpeMEHHbIX cucteM MU —
nedunuTa pasMedeHHbIX MaHHBIX [3]. YCTaHOBICHHBIH CHHEpreTHYecKuid 3 Qext
OT KOMOMHALIMM CUHTETHYECKUX M PEalbHBIX JaHHBIX CO3JA€T METOHOJIOTHMYECKYIO
OCHOBY IJIsl IPUMEHEHHSI TEXHOJIOTUH B KPUTHUYECKU Ba)KHBIX 00JACTSIX: MEAWLMH-
CKOM JMarHOCTHKE, aBTOHOMHBIX CHCTEMax W TMPOMBIIUIEHHONH aBTOMAaTH3alMU.
[lepcrieKTHBEI MCCIEIOBaHUI 3aKIIOUArOTCsl B pa3paboTke (popMaar30BaHHBIX MET-
PUK BaJMIAIMU U CO3JAHWH AJANTUBHBIX CHCTEM T€HEepaluy, yUUTHIBAIOIINX Tpe/-
METHYIO CIICLIU(UKY.
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Annomayusn. Hccreoyiomes acumnmomuieckue C80UCmMed OYeHOK OCHOBHbIX NoKazamelell
mounocmu, noaHomsl u F-mepvl 6 memooax mawunno2o 00yueHusr Oas PACNO3HABAHUS
08yx kiaaccos. Onpeoeienvl MamemMamuyeckue OXCUOanue U OUCNEPCull YKa3aHHulx OYeHoK.
THokazano acumnmomuuecku HOPpMAbHOE pacnpeoeiienue OYeHOK NOoKa3amenei mMoyHo-
cmu, nonHomol u F-mepot. 3nanue smoeo 3akona pacnpedenenus u e2o napamempos no360-
JIslem noCmpoums 008epUmeibHble UHMEPSabl 0Jisi UCKOMbIX OCHOGHBIX NOKA3amenell moy-
Hocmu, nonnomsl u F-umepuvl 6 memooax mawiunno2o 00yyeHus..

Knruessie cnosa: mawunnoe odoyuenue, Kiaccupurxayus, mouHocms, nonioma, F-uepa

Brenenue. B 3a1auax kinaccuuKkaiuu COCTOSIHUN CUCTEM TPU KaKIOM paclio3Ha-
BaHMM Kiacca Beimamaet mapa (i, j), Tae i — MeTKa peagbHOro Kiacca COCTOSHHS
CHCTEMBI, | — MeTKa pe3yJibTara pacro3naBanus. O6o3Hauum uepes P(i,j) Bepost-
HOCTh HacTyruieHust coobiTus (i, J). [Ipn GuHapHOU KiIacCH(pHUKAIUK MOXHO IMPHU-
cBouth kinaccam Metkr O u 1. Torna i u j npuaumarot 3HadeHus O win 1. OcHOB-
HBIMH TIOKA3aTeJISIMH PACIO3HABaHHs 2-X KJIACCOB CHCTEM METOJAMH MAlIMHHOTO
o0yuenus siBisirorest Tounocth (ACC), monmHoTa (PR) u F-mepa (F-score) [1]. st
OIpe/ieNieHHs] YKa3aHHBIX TOKa3aTesieii B METO/IaX MAIIMHHOTO O0YYCHHUS UCIIOJb-
3yrTCs o0ydaromiasi 1 KOHTPOJIbHas (TecToBasi) BHIOOpKH. Pa3OueHre MCXOTHOTO
Habopa JaHHBIX (IaTacera) MOXKET ObITh TOCTATOYHO MPOU3BOJIBHBIM, a pe3yJIbTa-
ThI KJIACCH(HKAIMHU [0 YKa3aHHBIM METPHKaM OyIyT CHJIBHO BapbUPOBATHCS, TO-
3TOMY MPEACTABISIET MHTEPEC CTATUCTHYECKAE OICHKH TaHHBIX TMOKasaresneii. 1le-
JbI0 Pa0OTHI SBIISICTCS TIOJyYCHHUE aCHMIITOTUYECKHX CBOMCTB OICHOK TOYHOCTH,
HOJIHOTHE ¥ F-Mepbl B 3a1auax OHHAPHON KIAaCCU(PUKAIIMA METOAaMH MAllMHHOTO
00y4eHusI.

MeToabl H MATEPHAJIBI, Pe3yJabTAThI. BbIpaXkeHust JJIsi TOYHOCTH, MOJTHOTHI
u F-mMepbl ipu GHHAPHOH KiIacCH(UKAIIMK UMEIOT COOTBETCTBEHHO BHUT

P(1,1 P(1,1 ACC-PR
ACC = #, PR = (—), F-score = 2——.
P(1,1)+ P(1,0) P(1,1)+ P(0,1) ACC+PR
ITycts N — 00bem KOHTpoabHON BBIOOPKH, a N;j — 4KCIIO BBIIAJEHUH Maphl

(i,j)).Torma B xauectBe oneHkn BepostHocTH P(i,]) 1emecoo6pa3Ho B3ATH
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. Nii .
P*(i,j) = %, rae i, j = 0,1. AHATOTHYHO TIONYYNM OIIEHKH TOYHOCTH, JOCTOBEP-

Hoctu u F-meper: ACC*, PR*, F-score®. C wucrnosib30BaHUEM TOJUHOMHUAIBHOTO
pacnpeneneuus oueHok P*(1,1) u P*(1,0) u pesyabratoB Teopemsl [2, c. 388],
HOJIyYEHBI CIIEAYIONIME CTATHCTHYECKUE OLIEHKM MATEMAaTHYECKOTO OKHIAHUS M
JIMCIIEPCHH PACCMATPUBAEMBIX CIIYYailHbIX BEJIMYNH:

M[ACC*] = ACC + O (%) D[ACC*] =
N2
P(l,l)P(l,O)

—_ rEDPAL) 3/2y.
N(P(1,1)+ P(1,0))3 + 0(1/N )’

M[ PR*] = PR + O(1/N3/2),D[PR"] = ——LLPOL)

—_ rEDPOL) 3/2y.
N(P(1,1)+ P(0,1))3 + 0(1/N )’

2P(1,1)(P(1,1)+P(0,0)-1)
N(1+P(1,1)— P(0,0))3

M| F-score’] = F1 + + 0(1/N3/%),

4P(1,1)(1-P(0,0))(1—P(1,1)—P(0,0))
N(1+P(1,1)— P(0,0))*

D[ F-scorel*]| = + 0(1/N3/?).

3akmouenne. B [2] Takke J0Ka3aHO, YTO ONEHKM TOYHOCTH, MOJHOTHI U F-
Mepbl IMEIOT aCHMITTOTHYECKOE HOPMAJIBbHOE paclpe/eSieHHe ¢ COOTBETCTBYIOIIH-
MH MaTeMaTHYECKUMHU OKUIAHUAMH M JUcrepcussMu. Toraa HETPYAHO MOCTPOUTH
JOBCPUTECIIbHBIC MHTEPBAJIBI [JIsI MCKOMBIX OCHOBHBIX OKa3aTejIed MalIuHHOTO
00y4eHus: TOUHOCTH, MOJHOTHI U F-Mepsbl. [lomyueHHbIE OIIEHKH MOTYT MCIIOJIB30-
BAaThCS JUISA TOBBIIICHUS HAJEKHOCTH OIIEHOK KauyecTBa KJIACCH(PUKALUK aJrOpUT-
MOB MAIIIHHHOTO 00yUYeHHS B 3a/1a4ax WHPOPMAITHOHHOM Ge3omacHocTH [3].

CruUCcoK UCTOYHUKOB

[1] Vujovi¢ Z.D. Classification Model Evaluation Metrics. International Journal of Advanced
Computer Science and Applications, 2021, vol. 12 (6).
https://doi.org/10.14569/1 JACSA .2021.0120670

[2] Kpamep I'. Mamemamuueckue memoowvr cmamucmuku. Mocksa, Hayka, 1975, 648 c.

[3] Iemyxuu O.U., Epoxun C.[., [lonkoBHuKOB M.B. Texnonozuu mawunnozo ooyuenus 6 ceme-
6ot bezonacnocmu. Mocksa, ['opstaas muanst — Temexom, 2022, 360 c.



274 Pycckuli uHxxeHep: Il MexxdyHapoOHbil koHzpecc. Mockea, 29 -3 1 okmsbps 2025 2.

Y[IK 004.81

MeToauMKa uccnepoBaHua BocnpuaTus wpudrorpaduyeckux o6pasos

®ununnosuy AHHa lOpbeBHa' annafil@bmstu.ru
SPIN-kop: 7821-5940

banabaHoB Anekceit Onerosuy? alexclass98@mail.ru

JaublwnHa MapuHa BnagumuposHa’ marina_danshina@mail.ru

SPIN-kop: 7063-4185

"MITY um. H.3. BaymaHa, Mocksa, Poccus
2 Mockosckulii nonumexHuyeckuti yHusepcumem, Mockea, Poccus

Annomayun. Paccmompena npobnema 6v160pa wpughmos ona ogopmnenus meoua u ne-
yamHou  npooyKyuu. Bulsignenbl HEOOCMAMKU COBPEMEHHBIX UHCMPYMEHMO8 HOUCKA
wpupmos, HeoOXOOUMOCHb YYUMBIGAMb KOSHUMUGHbIE ACCOYUAYUU  NONb308AMENel.
Ipeonosicena u onucana Memoouxa Uccied08anust BOCHPUIMUsL WPUPmMos Ha ocrHose ac-
coyuamusHno2o sxcnepumenma. Ilpogseden sxcnepumenm u cobpanvl oannvie. Pazpaboma-
Ha cucmema amanuza upugmosvix accoyuayuti. Onucana mexHono2us anamu3d OGHHHIX
Ha ocHoge muoeosmanuot NLP-obpabomku. B pesynomame nocmpoen ungopmamueuwiii
epagh accoyuayuii 015 NOUCKA WPUPDMOE ¢ NOMOWBIO PA3PAOOMAHHOU CUCHIEMbL.

Knioueswvie cnosa: xoenumusHnoe mooenuposanue, accoyuamusHvlii IKCnepumenm, oopa-
bomka ecmecmeennoeo azvika, NLP, wpugmet, munoepaghuxa

Brenenue. TpaauiimoHHBIC MOIXOJbI K MOAOOPY MIPUGTOBOrO O(GOpMIICHHMS, OC-
HOBAaHHBIC Ha MHTYUIMM JU3aliHepa WM THIIOTPAPUUECKUX KIACCUPUKAIUAX, SB-
JISTFIOTCST HeMOCTaTOYHO A (HeKTUBHBIME. CTHINCTHYCCKHE KIacCUbUKAMH TIpud-
toB (Serif, sans-serif, display) He mokpbIBarOT peabHbIe TOTPEOHOCTH AU3aHHEPOB
B BBIP@XCHUH KOHIETITYIBHBIX UIeH U SMOIIMOHAIBHBIX cocTosHMH. Heooxoanmo
HCIIOJIb30BaHNE HAYYHO-0OOCHOBAHHOTO MOJAX0/a K y4eTy KOTHUTUBHBIX accolua-
Ui osb3oBatenel npu noadope wpudTa [1]. AccounaTuBHbIA HKCIIEPUMEHT Kak
MCUXOJMHTBUCTHYECKUIA METOJI TIPEJICTABIISIET CUCTEMAaTHISCKUI TTOIX0J] K CO3/1a-
HUIO 3MITUPUIECKON MOJIENIN SI3bIKOBOTO CO3HAHUS Yepe3 aHAIN3 CIIOHTaHHBIX BEp-
OabHBIX peakinii Ha MPeIbsIBIsIEMbIC CTUMYJIBI [2, 3].

Metoabl m MaTtepuaibl; pe3yasTaTbl. C 1enbl0 cOopa SMIUPUUECKUX JaH-
HBIX O BOCIIPHITUHU PAa3IUYHBIX IPU(TOB M X BapHalMii ObII NPOBECH accouua-
TUBHBIN 3KciepuMeHT. B Hem npunsuin yuactue 100 cTyaeHTOB-100pOBOJIBIIEB U3
MI'TY um. H.D. baymana. B pesynbrate Obuia pa3paboraHa uHGpOpMAIMOHHAS
cucTeMa TS POBEICHHUS SKCIIEPUMEHTA U aHaJIM3a ero pe3ysIbTaroB [4].

Hnst mpeoOpa3oBaHmsi MacCHBa TEKCTOBBIX PEakIii B aHANUTHYECKH MPUTOA-
HBIH (opmat ObUT pa3paboTaH MHOTOATANHBIN KOHBEHep 00paOOTKH AaHHBIX U Me-
TOJINKA, KOTOpasi BKJIOUaJa B ce0sl CHCTEeMaTHYeCKOoe MpeibsiBlicHHE IpudTorpa-
¢uuecknx o00pa3oB B KOHTPOJIMPYEMBIX YCIOBHAX; (uKcaluio BepOalbHBIX
peaxuii B cBoOOgHON opMme U (hopMaTe anbTepHATHBHOTO BEIOOpA; MHOTOMED-
HBI aHaaW3 JaHHBIX C WCIoNb3oBaHMeM coBpeMeHHBIX NLP-mertomos [5]; Bpe-
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MeHHoe orpanuueHue (60 cexyHm) Juls MUHUMH3AIMK palldoHa u3auu. [Ipume-
HEHHE pa3pabOTaHHOW METOJMKH IMO3BOJIMIO 00paboTaTh U MPOAHATU3UPOBATH
MacCCHB I0JIb30BaTEIIbCKUX JIaHHBIX, TOCTPOUTH MH(OPMATHUBHBINA Tpad accoiua-
IUH 1 TOA00paTh ONTUMATBHBIA aJTOPUTM TIOMCKA MIPU(TOB C MTOMOIIBIO pa3pa-
0OTaHHON CHCTEMBI.

3akawuenne. B pabore ommcaHa meronnka oOpabOTKH M aHajIHW3a JaHHBIX
aCCOIMATUBHOTO 3KCIICPUMEHTA, HAIIPABJICHHOTO HAa M3Y4YCHHE KOTHUTHBHOTO BOC-
npustus mpudros. [IpemioxkeH ruOpUAHBIIN TOIXOMA, CTPATETHH MHOTOATAITHON
NLP-06paboTku, BKIIOYAOIICH JIeMMATH3AITHIO, TPYIIITUPOBKY CHHOHUMOB, TEHE-
palyio TEKCTOBBIX AMOCIIMHIOB U JICKCHYECKHI MOUCK MO 00pabOTaHHBIM JIeM-
Mam. [Ipumenenme pa3paOOTaHHOW METOAWKH TO3BOJIIIO MOCTPOUTH WH(pOpMa-
TUBHBII Trpad acconmanuii W TOAOOpaTh ONTHUMAJBLHBIA alrOPUTM TOMCKA
mpudTOB. DTO CO3JACT YCIOBUS JUIsl CO3/IaHUSI COBPEMEHHBIX HHCTPYMEHTOB TIO/I-
JICPKKU TPUHATHS PElIeHni B mpudTorpadhuyeckom au3anHe.
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TUNbl UHCTPYMEHTOB GU3HEC -aHANIUTUKU ANA YNPABJIEHUSA NPOEKTaMMu
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Annomayusn. B pabome paccmampueaiomesa uncmpymenmol OusHec-anaiumuKy, npumeHs-
emvle Ol YNpasieHus npoeKmamu 8 2a3060U npomviuinennocmu. Paccmampusaromes oc-
HOBHblE MUNbL UHCMPYMEHmMOo8, maxue Kaxk cucmemvl ynpasienusi npoekmamu, Bl-
naam@opmel U aHarumuieckue naneau, a maKdice ux GIUAHUe Ha ONMUMUIAYUIO npoyec-
€08, cHudicenue 3ampam u nogvluienue I¢hgexmusnocmu. Ilpeonazaiomesa pexomenoayuu
no unmezpayuu OusHec-aHaIuMuKy 8 CMpamezuy ynpagieHus npoeKmamu.

Kniouesvte cnosa. o6usnec-ananus, duznec-anaiumuxa, ynpagienue npoexmamu, Bl, un-
cmpymenmapuil

Beenenue. B ra3oBoil mpOMBIIIICHHOCTH HMHCTPYMEHTBI OM3HEC-aHANUTHKH IS
YOpaBIeHUS TPOEKTAMH HIPAIOT KIIOYEBYIO POJh B ONTHMH3AIMU IPOIECCOB,
CHIDKCHHUH PUCKOB U MOBBIICHUH 3P QEKTUBHOCTH ITPOCKTOB.

Metoapl U MaTepHaJibl, pe3yabTaThl. Hayuno o0ocHOBaHHas 3HAYHMOCTh
BHEJIPCHUSI MHCTPYMECHTOB OM3HEC-aHAIMTUKU B YIIPaBICHUHM MPOEKTAMH T'a30BOM
NPOMBIIIICHHOCTH ompezersercs ciaenytomuM [1-3]. Otpacip (GyHKIHOHUpYET
B YCJIOBHSIX BBICOKOM TYpOYJICHTHOCTH BHELIHEH Cpellbl, XapaKTepu3yromencs us-
MEHYUBOCTHIO PHIHOYHOIH KOHBIOHKTYPBI U IIEHOBOM BOJIATHIILHOCTBIO Ha SHEPro-
pecypcel, uTO TpeOyeT ONepaTHMBHOM MOINEPKKH YHPABICHUYECKUX PELICHUH
Ha OCHOBE JIAaHHBIX.

CoBpeMeHHBIE TPOU3BOJICTBEHHBIE U MH(PPACTPYKTYpHBIE KOHTYPHI Ta30BOTO
ceKTopa (JOPMHUPYIOT MAacCUBBI Pa3HOPOIHBIX IAHHBIX, YTO O0YCJIOBIMBACT HEOO-
XOAMMOCTh IPUMEHEHUS TPOJIBUHYTHIX METOJOB cOOpa, MHTETPallui M aHaJIUTH-
4yeckoit 00paboTku. Mcnonp3oBaHne aHaIMTHUYECKUX HHCTPYMEHTOB B XOJI€ pealiu-
3allMd  TPOEKTOB OOECHeunBaeT BBIABICHHE Y3KUX MecT, Hed(pEeKTUBHBIX
orepauuii 1 OTKJIOHEHWH OT IJIAaHOBBIX MAPaMETPOB, YTO CHOCOOCTBYET MOBBHIIIE-
HUIO 3((PEKTUBHOCTH, CHIDKEHHIO 3aTPaT U COOJIIOJJCHUIO CPOKOB.

B ycnoBusix ycuneHHss KOHKYPEHTHOTO JaBJICHUSI Ha Ta30BOM PBIHKE KOMIIa-
HHUH, CUCTEMHO NPUMEHSIONINE COBPEMEHHbIE aHATIMTHYECKHE PElIeHus, 001aJat0T
TIOBBIIICHHOW aJanTUBHOCTBIO K HM3MCHEHHSM BHEIIHEH cpelbl U JOCTHIaroT
VIIy4YIICHUs] KOHKYPEHTHBIX TIO3UIMH 338 CYET COKpAIICHHsI IUKJIa TIPUHATHUS pelie-
HHUH 1 MOBBIIICHUS Ka4eCcTBA YIPABICHYECKUX ACHCTBHM.

3akmouenne. VHCTpyMEeHTHI OM3HEC-aHAIWTHKHA B T'a30BOW MPOMBINUICHHO-
CTH MIPAIOT KIIOYEBYIO POJIb B ONTHMHU3ALMK yIpaBiIeHHs mpoekTamu. MHTerpa-
IS 3TUX HHCTPYMEHTOB MO3BOJISIET TIOBBICUTH 3()()EKTUBHOCTD ¥ KOHKYPEHTOCIIO-
COOHOCTH MPOEKTOB B ra30BOM OTPACIIN.
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YnpaBneHue KOTHUTUBHOM Harpy3Kow B NPpOM3BOACTBEHHbIX
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Annomayus. [Ipedcmasnena meopemuyeckas pamka OYeHKU U YNpasieHus KOSHUMUGHOU
HAZPY3KOU NOIb308AMENA 8 NPOUIBOOCMEEHHIX UHDOPMAYUOHHBIX CUCEMAX ONA NAAHU-
posanus 3azpysku nepconana. llpeonazaemcss mynromumooanbHulil HOOX00, coYemarowuii
@usuonozuueckue nokazamenu u nogedenyeckue npusHaku e3aumooeticmeus. Popmynupy-
emcs UHMeSpanbHblll UHOEKC KOSHUMUSHOU HA2PY3KU NONb306aMes U KOHMYpP a0anmayui
unmepdelica npu npusHaxax nepezpysku. B pesynbmame ucnonvb3oeanus npeoiazaemozo
nO0X00a 0XHCUOAETCSL YMEPEHHOE CHUNCEHUE (DUBUOIOSUNECKUX MAPKePO8 HAZPY3KU U Hd-
cmombul owWubOK npU KOPPEeKmMHoU Kanubposke unoexca. /lannas paboma modcem Ovimo
UCNONL30BAHA NPU NPOEKMUPOSAHUU KOSHUMUBHO-OPUCHINUPOBAHHBIX NONb308AMENbCKUX
unmephelicos UHGOPMAYUOHHBIX CUCHIEM.

Knrouesvie cnosa. mHelipospeoHOMUKA, KOZHUMUBHASA HASPY3KA, NYRULIOMEMpPUs, 8apua-
benbHOCmb cepOeuHo20 pumma, UHPOPMAYUOHHbIE CUCHEMbL, NOO0EPIHCKA NPUHAUS pe-
wieHull, NIAHUPOsaHUe 3a2py3Ku Nepcorand

BBenenue. ludpoBuzanus NpoU3BOICTBEHHBIX IPOILIECCOB MPEIbSIBISIET MOBHI-
IIeHHbIe TpeOOBaHMs K YCTOWYMBOCTH BHUMAHHUS M Ka4eCTBY NMPUHATHS pelIeHuit
B MH(OPMAIIMOHHBIX CHCTEMaXxX IUIAHUPOBaHUs 3arpy3KH MepcoHana. Pyunsie pac-
YeTHl B AJIEKTPOHHBIX TAOIHUIAX CO3JAOT M30BITOUYHYIO BHENIHIOIO KOTHHUTHBHYIO
Harpy3ky (KH), Tak kak moJjp30BaTento NPUXOJUTCS TPATUTh 3HAYUTEIBHYIO YacTh
BpEMEHH Ha cOOp M TOJTOTOBKY IEPBUYHBIX JaHHBIX. Bo3pacraer W BHyTpeHHSSA
KH, tak xax B mpoliecce IIaHUPOBaHUSI HEOOXOAUMO YUUTHIBATH OOJIBILIOE YUCIIO
Pa3IN4HBIX OTPAaHUYCHUH U KPUTEPUEB KOPPEKTHOCTH pa3padaThIBAEMOro BapHaH-
Ta TIaHa. JTO BeJeT K KOTHUTHWBHBIM IIEperpy3Kam, a, CIeI0BaTelbHO, K POCTY
BpPEMEHH Ha BBIITOJHEHUE 33124, YHCITY OLIMOOK M CHIDKEHHIO «CMBICTIOBOI» 00pa-
60TkH pe3yabTatoB [1]. OfHKM U3 IAroB K PEHICHUIO JaHHON MPOOIIEMBI SIBIISIETCSI
pa3paboTka MyJIbTUMOJIATHFHOTO MTOAX0Aa ¢ MHTETpaibHBIM HHAeKcoM KH, mo3Bo-
JSIFOIUM M3MEPSITh M PETyJIMpOBaTh € MOMOILBI0 KOHTYpa afanTannu uHTepdeiica
KOTHUTUBHBIC TIEPETPY3KH.

MeToasl 1 MaTepHaJbl, pe3yJbTaThl. PaccMaTpuBaercs cucrema noaaepk-
ku npunsaTus pemennii (CITTIP), koTopast 3aMeHsIeT pyvHbIE OIEPAIIHH MOIIATOBO
00paboTKOW C MHOTOKPHTEPHAIHLHON OIEHKOW anbTepHaTtrB. KoHTYyp mM3MepeHuit
KH Bxrouaer B ce0s ciaenyromnye OJ0KH:

[TynumiomMeTpuio Kak OBICTPBIN WHIMKATOP KOTHUTHUBHBIX YCWIHHA: (DUKCHPY-
eTcs 6a30BBI YPOBEHb MpPU CTAOMIIBHON OCBEIIEHHOCTH M KOHTpAacTe 3KpaHa, I1o-
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CJIe 3TOr0 B TMPOIIECCE BBHIMOIHEHUS 3a1a4 OICHUBACTCS 3a/1a4a-00yCIOBICHHBIH
MUIpHa3 3payka OTHOCHTENBHO 0a30BbIX mapaMeTpos [2, 3].

BapuabensHocth cepaeunoro purma (BPC) kak (hOHOBBII HHIUKATOP PEryJisi-
WM. PACCUUTHIBAIOTCS CTaHJAPTHOE OTKIOHEHHE HHTEPBAIOB MEXIY HOpMAllb-
HBIMH yJIapaMH Cep/lla ¥ KOPEHb M3 CPEeTHEro KBajapara pa3HOCTeH COCeTHHUX WH-
TEpBaJIOB MEXKIY HOPMANBHBIMU yJIapaMH cCepila Ha OKHaX, 00eCIeYHMBAIOIIMX
HaJISKHOCTh OIICHKH, C KOHTPOJIEM TI03bl, IbIXaHus 1 apTedakToB [4].

IToBeneHUYeCKEe MPHU3HAKKA B3aMMOJCHCTBUS. JIHTEIBHOCTH O3TAIOB, YHCIIO
WCITPaBJICHH, 4aCTOTa OOpAICHHI K TTOICKa3KaM.

WuTerpanbHblii HHACKC HATPY3KH MPEIaraeTcs 3a1aBaTh ¢ TIOMOIIBIO JINHEH-
HOW CBEPTKH KPUTCPUECR:

I= WZZ3paq01< + WVZBapI/Ia6CJ'H>HOCTI> + WpZnosezLeHne Wz twy, + Wp = 1,

THE Zspauox — CTAHIAPTH30BAHHBIA 3a7a4a-00YCIOBICHHBI MHUIpHA3 3payka,
Z gapnaGemsocrs — WHBEPTUPOBAHHAs CTaHAapTu3oBanHas merpuka BPC, MoHOTOH-
HO Bo3pacraromas npu ysenudeHud KH, Zpopcqepye — €AMHAs NOBEIEHYECKAs
METPHKA, BECA Wy, Wy, Wy, OTIPEIENSIOTCS PETPECCHEN MO KATMOPOBOYHBIM CLIEHA-
pusim. [IpaBuna aganranuu GopMyIUpPYIOTCS Yepe3 MOPOTH MHICKCA: MPH IOBBI-
LIEHUH — CETMEHTAIMs 3TAIOB, YIPOIIEHHE I'pad UK U J0OaBIEHNE KOHTEKCTHBIX
MOJICKAa30K, a TPH CTa0MIBHO HH3KOM 3HAYeHWH — TIOITAITHOE YMEHBIIEHHE
BHEIIHEW NOJAEPKKH MOJIb30BATENS.

3akioyenne. [IpemiosxeHHbIN MOAX0A OOBEANHSET NOCTYIHBIE (DU3UOIOTHU-
YECKUE U NOBEACHUYECKHE NTOKA3ATENU B UHTEIPAIbHBIA UHAEKC U 33JacT yIPaBIIs-
eMble TpaBWiia ajanTauud HHTepdeiica, YTO MO3BOJIAET IEJICHANPABICHHO CHU-
KaTh N30BITOYHYIO BHEITHIOIO Harpy3Ky B npon3BoacTBeHHbIX CIIIIP 1 moBbimaTh
3¢ PEKTUBHOCTH BBHIIOIHEHUS 3a1a4.
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Annomauyusn. Paccmompenvt cogpementvle N00X00bl K OUHAMUYECKOMY aHAIU3y be3onac-
nocmu (DAST) ons cucmem mawunnozo obyuenus. Iloouepknyma HeOOCMamounocnv
xkaaccuyeckux memooos DAST u neobxooumocmo eneopenus cCneyuaiu3upo8aHublx npoge-
POK, XapaxmepHuix Ot MOOeJIell, MaKux Kaxk unvekyuu npomnmos uau jailbreak-amaxu.

Knroueswie cnosa: ounamuuecxuti ananuz, DAST, MLSecOps, GenAl

BBenenne. CtpemuTeNibHas HHTErpaus HCKyccTBeHHOTro uHTeiuiekTa (M) u ma-
mmHHOr0 o0yueHus (ML) B mporecchl opraHu3anyii NPUBOAUT K IOSBICHUIO
HOBOTO KJIacca MPHJIOKEHU — MOJICIbHBIX CEPBHUCOB. DTH CEPBHCHI, YacTO pas-
BEPHYTHIC C MOMOIIBIO CPEACTB BUPTYAIU3allMH WM KOHTCHHEpPOB (Hampumep,
Docker-o6pa3zos [1]), npeacTaBisitoT cOO0H CIOKHYIO U MHOTOTPAHHYIO CTPYKTY-
Py, KoTopas TpeOyeT KOMIUIEKCHOTO aHan3a 0e301MacHOCTH.

Metoabl 1 MaTepHaJibl;, pe3ybTaThl. i1 cuctemMaTn3annu ocoOeHHOCTEH
U yIpo3 MOJEJBHBIX CEPBHCOB CIIEAYyET PACCMOTPETh TAKHE METOJIOJOTHH, KaK
OWASP Top 10 for LLM Applications [3], OWASP Machine Learning Security
Top Ten, a taxcke MITRE. AHanu3 HCTOYHUKOB, OKa3bIBaeT, 4To g ML -cuctem
HaunOoJblliee BHUMAHUE CIIEYET YACIATh CICIYIOIUM yTPo3aMm:

— prompt-uabeknuu: ManumyaupoBanue LLM a7t BbIMOMHEHUST HECAHKIIHO-
HUPOBAHHBIX KOMAaH]] Yepe3 BXOJIHBIC TaHHBIC;

—HeOe30macHble JaHHbIe Uil OOyYeHUs: BHEAPCHUE 3aKJIaJ0K MJIHM yTedKa
JAHHBIX (OTpaBIICHHUE TAHHBIX);

— jailbreak momenm: 06X01 ceMaHTHUECKOH (PUIBTPAIINH;

— He0e30MacHbI TOCTYI: OTCYTCTBHE POJIEBOH MOJENU Pa3rpaHHUuCHHS MPaB
JIOCTYTIa K MOJICIIbHOMY CEPBHUCY;

—ataku Ha KoH(puIeHIMankHOCTh (inference attacks, membership inference,
model inversion);

— aTaKd Ha JIOCTYITHOCTh (HAaIpuMep, JJIMHHbIC 3aIPOChl K MOJICIIH);

— aTakKy Ha Ienouky mocrasok (SUpply chain attacks, BpemotocHbie GHOIMOTEKH).

[ToBepXHOCTh aTak Ha COBPEMCHHBI MOJICNBHBIN CEpBUC B OOIMIEM KIIOUE
MOYKHO OIHCATh B BUJIE CIICAYIONIEr0 Habopa:

— aTaKkM Ha MPOTOKOJIBI B3aUMOJICUCTBUS ¢ cepBucoM (Hampumep, REST (Rep-
resentational State Transfer) umu gRPC, a Taxske pyuxrmn API [4]);



Pazden 2. VickyccmeeHHbIld UHmeekm U UHOPMAYUOHHbIE mexHOoM02uu 281

— TpaJULHOHHBIC YS3BUMOCTH (MHBEKLMH, 00XO0J aBTOPHU3AINH, HECAHKIIHO-
HHPOBaHHOE BbINOIHeHUE koMaH T Ha cepBepe (RCE), XSS, CSRF);

— ysSI3BUMbIC KOMITOHEHTHI (0uOmoTeku, ycrapepuue Bepcun [10);

— HeOe3omacHble KOH(Urypanuu (OTKPBITBIE MOPThI, OTCYTCTBHE MIH(poOBa-
HUS);

— YA3BUMOCTH MH(PACTPYKTYpPBl U CPEACTB BUPTyanu3auuu (Hampumep, He-
Oe3omacHbie HacTpoiiku Docker win Kubernetes).

— ySI3BUMOCTH KOJa MpUMeHeHHs1 (OOBSI3KM Mojenu, GYHKIHH Mpeodpa3oBa-
HHSI JTAaHHBIX, MHKPOCEPBHUC, Mpe-/mocToOpaboTku naHHbIX (HeOe3omacHas aece-
pHaTH3anms);

— YSA3BUMOCTH B KoJie 00yueHust MoJiein (OTpaBiIeHHUsI JaHHBIX, HEOC30MaCHbIe
HUCTOYHHUKH JTAHHBIX);

Knaccuueckuit DAST ckanep He MOXET NMPOaHATN3UPOBATH JIOTUUECKUI BBIBOJL
MOJIC/IH Ha MpeaMeT HeOEe30MacHOro KOHTEHTa (yTedyka MepCOHATIbHBIX JaHHbIX,
BPE/IOHOCHBIN KOJI), OH MIIET KOHKPETHBIC, 3apaHee OMpe/Ie/ICHHbIC, CHTHATYPbI, YTO
HPOBOIMPYET HECTOCOOHOCTH OOHAPYKUTD YSA3BUMOCTH B OM3HEC-JIOTHKE.

HMudopmanmonHas cuerema
Moaenbnniii cepsuc
Tporokoas ( HTTP, A i P
Humxenep HB REST, gRPC,
TECTORLIC TAHHLIC) > Monenb
= Hucrpyment . Heiiponnmie ceri,
DAST - > AATOPHTMEE

,D,I/IHaMVILIECKMVI aHanM3 MmofenbHbIX CeEpBMNCOB

Ha ocHoBaHWM BBIIIECKa3aHHOTO, U1 KOMOMHHPOBAHHOTO aHanu3a (CM. pu-
CYHOK) IpesiaraeTcs 00oraTuth Tekynyro DAST npakTHKy HOBBIMH ITOIXOJaMH.

3akimoyenune. J[nHamMuueckuil aHanu3 OE30MACHOCTH MOJENBHBIX CEPBHCOB
TpeOyeT KOMOMHUPOBAHHOI'O 1101X0Aa. MHOrocnoliHas MOBEPXHOCTh aTaKH, code-
tatorfas TpaaunuoHueie WEB-ys3BuMocTH U crieriuduueckue yrpossl s MOJC-
neit wim WU, tpebyer mopaboTOK AMHAMHYECKOTO aHanu3a ajs Oojiee MOJIHOTO
NMOKpbITHI. HeobxomumMo MHTErpupoBaTh B MPOILECC TECTHPOBAHHUA METOJBI, CIIO-
COOHBIC K IeJICHAaNPaBICHHBIM aTakaM Ha Mojenu. Tpebyercss DAST-ananus ¢ ak-
LICHTOM Ha s3bIKOBbIe crienuuku (Hanpumep, HebGe3omacHbie GyHKu Python).
BHeapenune cructeM MOHUTOPUHTA TIO3BOJIUT OOOTaTUTh JIOTHYECKUM U CEMaHTHYe-
CKUM aHaJM30M BbiBoza (MH(pepeHca) monenei. JIuHaMHYeCKWil aHAIM3 B 3TOM
MIpOIIECCEe ABIISETCS HE MPOCTO OMIMEH, a CTPOroi HE0OXO0AUMOCTHIO, METOIOJIOTHS
KOTOPOTO JI0JIKHA HETIPEPhIBHO Pa3BHUBATHCS U aJallTUPOBATHCS IO/ HOBBIE BEKTO-
PHI aTax.
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Ponb NCKYCCTBEHHOT0 MHTEIEeKTa U LU POBbIX TEXHONOTNI
B (OpMMpPOBaHUN KOMNETEHL I MHXXeHepoB byayuiero

banauH NaBen Bnagumuposuy pavel_baldin93@mail.ru

MITY um. H.3. baymaHa, Mockea, Poccus

Annomayus. Paccmompena pons uckyccmeennozo uHmenniekma u yu@dposuix mexnHoro2ui
6 npoyecce NOO20MOBKU UHICEHEPHBIX KAOPO8 OJisl COBpeMenHOU IKoHoMuKY. [Ipedcmasnen
AHANU3 COBPEMEHHbIX MPeDOBAHUL K KOMNEMEHYUAM UHICEHEePO8 8 YCA0BUSAX YUpposou
mparcpopmayuu. Ilokazanvl Kuouesvle HANPAGIEHUS UHMESPAYUU MEXHOIOSUL UCKYC-
CMBEHH020 UHMeNNeKma 8 uHdicenepHoe obpaszosanue. Onpedenenvi OCHOBHbBIE KOMNEmeH-
yuu, HeoOX0OUMbLE COBPEMEHHOMY UHMNCEHePY 01 pabombl ¢ YUPPOBbIMU MEXHONOSUAMU U
HU. Coenanvl 86160061 0 HEOOXOOUMOCMU KAPOUHATLHOZ0 NEPECMOMPA Memo00I02UU NOO-
20MOBKU UHIHCEHEPHBIX KAOPO8 C YHemOM 6bl30606 YUPPOBOU IKOHOMUKU U MPeOosaHul
mexHoa02u1eckol nezasucumocmu Poccuu.

Kniouesvie cnosa: uckyccmeennvlii uHmeniekm, yugpoevie MexHono2ull, UHICEHEPHOe
0bpazosanue, KOMnemeHyuu uHdxicenepa, yugposas mpancgopmayus, Unoycmpus 4.0

Beenenue. CoBpeMEHHBI 3Tall Pa3sBUTHS MHPOBOTO XO3SIMCTBA XapaKTEPU3YETCs
CTPEMUTENILHOM LU(pOoBU3aLel BceX cep IKOHOMUIECKOH AesTensHOCTH. YeTBep-
Tasi MPOMBILUICHHAS] PEBOJIIOLMS KapJUHAJIBHO M3MEHSAET TPeOOBAHUS K KOMIICTCH-
IUSIM CTICIIUATIMCTOB, OCOOCHHO B MHXKCHEpHOU cdepe. MICKyCCTBEHHBIM MHTEIUICKT
CTaHOBHTCSI KIJIFOUEBOIM TEXHOJIOTHEH, OIMpeAeIIsIonel KOHKYPEHTOCTIOCOOHOCTh KaK
OTJICJIBHBIX KOMIIAaHWM, TaK M HAIMOHAJIBHBIX SKOHOMHUK B LEJIOM. B ycnoBusix
JOCTHKEHHUSI TEXHOJIOTHYECKOTO CyBepeHuTera Poccun ocoOyro akTyallbHOCTh TpH-
o0peTaeT BOINPOC TMOATOTOBKH MHXXEHEPHBIX KaJpOB, CHOCOOHBIX 3(dexTHBHO HC-
nonb30BaTh TexHonoruu MW n uudpoBble MHCTPYMEHTHI B MpodeccnoHanbHON Jes-
TenmpHOCTH [1].

MeToabl 1 MaTepuagbl; pe3yabTaThl. lccnenoBanue 6azupyeTcs Ha aHAIHU-
3¢ COBPEMEHHBIX TCHJIICHIIMH Pa3BUTHS MHKEHEPHOTO O0pa3oBaHUS U LUPPOBBIX
TEXHOJIOTHH. VICIoIb30BaNuCh METOIBI CUCTEMHOIO aHAlIN3a, CPaBHUTEIBHOIO HC-
CJI€I0BaHUS MEXIYHAPOAHOIO ONBITA IMOATOTOBKU MHXEHEPHBIX KaJpOB, a TaKKe
M3yueHHEe MPAKTUK BHeIpeHus TexHosoruit MU B oOpazoBareibHbIN Mpolecc Be-
IyIIAX TEXHUYECKUX YHUBEPCUTETOB Poccuu.

AHanmm3 COBPEMEHHOT'O COCTOSHHMS HWH)XEHEpHOro 00pa3oBaHMsI MOKAa3bIBAcT,
YTO TPAAULMOHHAs MOJENb MOATOTOBKU CHELUAIMCTOB HE COOTBETCTBYET Tpebo-
BaHUAM IUPPOBOH SKOHOMUKH. COTIACHO MICCIETOBAHMUAM, ITPOBECHHBIM B paM-
Kax (enepanbHOro mpoekTa «llepeoBble MHKEHEPHBIE IIKOJIBD», TOJbKO 12 %
BBIITYCKHUKOB HWH)KEHEPHBIX CIELUAIBHOCTEH 00JalaloT AOCTaTOYHBIMH KOMIIE-
TEHIUSMHU Uil paboOTBl ¢ COBPEMEHHBIMH LUQPOBBIMH TexHonorusimu. Ocoboe
3Ha4YeHUE MPUOOPETAI0T TPaHCIPO(PECCHOHANbHBIE KOMIICTEHIMH, BKIIOYAIOIIUE
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CHCTEMHOE MBIIIJICHHUE, CIIOCOOHOCTH K paboTe B MEXIUCIUITMHAPHBIX KOMaH/AX,
HaBBIKW yIPaBJICHHUS MPOCKTAMH B YCIOBUSAX HEONPENEIEHHOCTH B OBICTPOTO TeX-
HOJIOTMYECKOTO pa3BUTUSl. COBPEMEHHBIH MHXECHEP AO0JKEH 00J1a1aTh SKOJIOTHYe-
CKUM MBIIIJICHUEM, TIOHUMATh MPUHIUIBI YCTOMYMBOTO Pa3BUTHS M YMETh WHTE-
TPUPOBATh MX B TEXHUUYECKHE perieHus [2]. Pe3ynbraThl BHEAPEHUS TEXHOJIOTHI
NI B 0OpazoBaTeNbHbIN MPOIECC MOKA3BIBAIOT MOBEINIEHHE () deKTHBHOCTH 00Y-
yeHust Ha 35—40 % npu KCIONB30BaHNH aJaNITUBHBIX 00pa30BaTENbHBIX MIATHOPM
Y MHTEJUICKTYaJbHBIX CHUCTEM MONICPKKHM NpUHATUS pewmieHuid. [lepconanuzupo-
BaHHBIC TPACKTOPUH OOYUYCHHS MO3BOJISIOT YYUTHIBATH MHIUBHYaJIbHBIE OCOOCH-
HOCTH CTYACHTOB M ONTHMHU3UPOBATH MPOLIECC OCBOCHUS CIOKHOTO TEXHUYECKOTO
marepuaia [3].

3akmouenne. Lludpoas Tpanchopmanus SKOHOMUKH U Pa3BUTHE TEXHOJO-
I'Mid HICKYCCTBEHHOT'O MHTEIUIEKTA KapAMHAIBHO MEHSIOT TpeOOBaHMUS K IIOATOTOBKE
WHXKEHEPHBIX KaJpoB. TpaauiinoHHast MOJIENb HHXKEHEPHOTO 00pa30BaHus JTOJDKHA
OBITH JTOTIOJTHEHA KOMIIETSHIIUSAMH B 00JIACTH HU(PPOBBIX TEXHOJIOTHHA, MAITUHHOTO
00y4eHHs U paboThl ¢ MHTEIUICKTYaJIbHBIMU cucTeMaMu. [IepCcrieKTHBEI pa3BHTHS
WH)XEHEPHOTO 00pa30BaHUs CBSI3aHbI C CO3/IaHMEM THOKHX, aJanTUBHBIX 00pa3oBa-
TEJIBHBIX MPOTrPaMM, CIIOCOOHBIX OBICTPO pearupoBaTh Ha M3MEHEHMS TEXHOJOIHU-
yeckoro nanmmadTa W IMOTPEOHOCTH COBPEMEHHOW MPOMBINUICHHOCTH. TOIBKO
TaKOW IMOJIXO/ MO3BOJHT MOATOTOBUTH MH)KEHEPOB, CIIOCOOHBIX CTaTh NBUKYIICH
CHJION TEXHOJIOTHYECKOTO TIPOPHIBA CTPAHBI.

CnMUcoK UCTOYHUKOB

[1] Kporerko T.FO. Bo3MOXHOCTH pa3BHTHs HHXXEHEPHOTO OOpa30BaHHs W HOBBIC 33/1a4d HWHTE-
Tpallill UCKYCCTBEHHOTO HHTEIUIEKTa B CTPYKTYpy oOpa3oBaTenbHbIX cucteM. Coyuanvho-
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obpazosanust, 2024, Ne 2. https://doi.org/10.17513/spno.33309

[3] O cmpamezuueckom nanpaenenuu 6 obnacmu yugposoi mpanchopmayuu ompaciu Hayku u
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Fno6anbHble yrpo3bl B cucteme Mpupopa — YenoBek — TexHUKa:
3KOpaLuMOHANbHbIN B3rNaa
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®danbko EBrenuin Anekcanaposuy™? efalko@mail.ru

! Poccuiickuii sxoHomuyeckuii yHusepcumem umeru I.B. [nexaHosa, Mockea, Poccus
2 WHumepHem-u30aHue «fazema.Py», Mockea, Poccusi

Annomayusn. Paccmompena 63aumoceasw yepos 6 enobanvnou cucmeme Ipupooa — Yeno-
sex — Texnuka: 20epHo20 OpYIICUsl, MEXHOIOSUUECKO20 PA3PYUeHUsl NPUpoObl Yenogekd u
cpedbl 0OUMAanUs, 3aMewenus 4ei08eKa UCKYCCMBEHHbIM UHMENIEKIMOM 8 NPUHAMUY GaAJiC-
Helwux pewenuti, pocma oesungopmayuu u desupascmeennocmu. Ilokasana Kiroyegas
POb iU 80 83aUMHOM ycunenuu yepo3. Coenan 661600 0 He0OXO0OUMOCHU 8bIPAOOMKU
U ymeepaicoe s IKOPAYUOHANbHOCU KAK HOB020 MUNA CO3HAHUs, HANPAGIEHHO20 HA Cha-
CeHue JHCUSHU U pa3yma.

KiroueBble cjI0Ba: AIEpHOE OpYXKHE, TEXHOJIOIHsI, KOJOTHsI, HCKYCCTBEHHBIN
uatesuiekT (M), 1056, SKOPaHOHATBHOCTE

BBenenue. B ciaraeMbIx MUpPO3aHHsI HCKYCCTBEHHAs pealbHOCTh OOpeTaeT BCe
Ooree BBICOKYIO CTENEHb CYOBEKTHOCTH, BXOAS B Tpuamxy llpmpoma — YemoBek —
Texnuka. Ho ycTOHYMBOMY CyIIIECTBOBAaHHIO 3TOM CHUCTEMBI YIPOXKalOT, KaK CUH-
TAlOT MHOTHE aBTOPBI, BBICOKHE TeXHOJOruH, B dacTtHocTH, MU. Kpntukm stux
B3MJISIJIOB OTMEYAIOT aOCOJIOTH3ALUI0 TEXHOJOTUH W HEHOOLEHKY COLHAIBHBIX
¢dakrtopos. [losToMy B McCIeIOBaHUM CTaBUTCS LIENb. ONMPENETUTh YTPO3bl YCTOM-
YUBOCTH TN00anpHOM cucteMsl [Ipupomna — YenoBexk — TexHuKa, BBISIBUTH KOP-
HEBYIO Ipo0JIeMy M HalTH NOJXO/BI K €€ Pa3peIeHHUIO.

MeToabl 1 MaTepuaJibl, pe3yJbTaThl. AHAIN3 METOAAMH 3KO(DHIOCOPCKOro
U CHUCTEMHO-CHHEPTHHHOTO MOJIXO0/JI0B MaTEepUaNOB MCCIECIOBAHUS B 3apyOe:KHBIX
1 OTEUECTBEHHBIX HAyUYHBIX MCTOYHMKAX [l CIeayloIiue pe3yabTaTsl. Cuctemo-
obpasyromuM (akropom Tpuanel [Ipupoma — UYenoBek — TexHmWKa SBISETCS
CyOBEKTHOCTh. DTOMY IpoTuBOpeuaT oueHku k. Xunrona, T. Xanrta u apyrux
9KCIEPTOB, BUISIINX ITIABHYIO YIPO3y YEIOBEUECTBY B CBEPXOBICTPOM, HEMIOAKOH-
TPOJBHOM YeNloBeKy camocoBepmieHcTBoBannu UU. P. Kyprseitn, nmpeackazaBmuit
TEXHOJIOTHYECKYIO CHUHTYJISIpHOCTh 2045 rona B pe3ysbTare M3MEHEHHsI OHOJIO0THU-
YeCKOW TPUPO/IbI YeOBeKa, B KHUre «CHHTYISIPHOCTD Bee Ouike» (2024) mporxo-
3upyeT rubens yenoseuecta ot chusiaus ¢ MU na 2030 rox. ®axrop MU ycunu-
BaeT yrpo3y SIEpPHOTO OPYXKHs B pe3ysibTaTe BHECCHMs B cTpareruto IleHTarona
noJjoxeHus: 00 ucnonb3oBannu MU B mpuHATHH SACPHBIX pelIeHuil. JTa crpare-
rusl, MPOTHBOpEYalIas 3TUKE Jake ee pa3padoTUYMKOB, 00OOCHOBaHAa HECHOCOOHO-
CTBIO YEJIOBEUECKOTO WHTEIIeKTa pa3zobiadats aesmH(popmanuio ot MU apyrnx
roCysapcTB, AKOOBI HEMPEMEHHO HCIIOJIb3YEMOTr0 MMM B SIEPHBIX PEHICHHUAX
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u3 crpaxa nepen CIIA. imeHHO amopain3M, JI0Kb, O€0TBETCTBEHHOCTh, 4 HE HO-
BeHIIINEe TEXHOJIOTHH, JIS)KAT B OCHOBAHUU B3aUMHOTO YCHUJICHUS YIPO3 — SIEPHO-
ro opyxus u MU [1]. LlenHocTh 0OOMaHa, XapakTepHas Iyl MPECTYITHOTO MHUDA,
KYJIETUBHPYETCS 3aIaioM, B TOM YHUCIIE B IPEBPAICHUH «3EJICHOW» MOUTHKU B €€
NPOTHBOIOJIOKHOCT. Ha yku, comepkaiueiics B 6a3ax AaHHBIX, MaTepualax WH-
TEepHETa U TUAIIOTOB HEMPOCETH C TPEHEepaMH W TMOJB30BaTENsIMH, 00y4aroTcst 00-
MaHy ¥ 3anajHble HeHpoceTH, TpaHc(HOPMHUPYIOTCS B CBOM aHTHUIIOABI 0Opa3oBaHue
u Kynbtypa. Ceromust te3uc A. A. 3MHOBBEBA O 3alaJHHU3ALUU KaK MpOMaraHje
MHHMBIX JIOCTOMHCTB U JIOXKHBIX IIEHHOCTEH 3araJHI3Ma «MUPHBIMU» CPEJCTBAMH,
npezcTaBIstoie coboli opyxkue 6ojee cTpariHoe, YeM sijaepHoe [2, ¢. 259], ak-
TyalleH, Kak HUKoraa npexnae. M onmacHocTH, 3akmodernsie B CMU, npomaranse,
WHQOPMAIMOHHBIX CETSIX, UCIONB3yEeMbIX IS Ae3MH(OpPMalUU U KyJIbTHBHPOBA-
HUSI JDKU U TIOCTIIPAB/bl, HE MIPOCTO SIBJIIOTCSI TPETHUM (PAKTOPOM B3aUMHOTO YCH-
neHust TI00anpHBIX yrpo3 cucteme Ilpupoma — Yemosek — Texuuka. OHE BEOyT
K TJ00aIbHOMY O€3yMHIO, POCTY THIEPHEOIPECICHHOCTH, Pa3pYyLICHUI0 O0bEK-
TUBHBIX YTOPSAOYHBAIONINX MEXaHU3MOB OBITHSA, MPENOTBPATUTH KOTOPHIE HEBO3-
MOYKHO, €CII YeJIOBEYEeCTBO HE BHIpabOTaeT KOJUICKTHBHBIH CBEpPXpAllMOHAIBHBIHN
pazyMm. IlyTb k HeMy 1 o0ecrieueHnIo OBITHSI MUPOBOM CHCTEMBI BUANUTCS B 3KOpALH-
OHAILHOCTH. DTO «00uas (hopma memacyovekmHozo pe2yiuposaniiss IKOI0UYECKUX
npoyeccos 60 6cem CNeKmpe ux pa3eepmul8anuss — IKOI0SUU Yell08eKd, NPUpoobsl,
Kyemypol, obwecmea u Bcenennoit ¢ yerom» [3, ¢. 106]. U 310 HE TOIBKO HOBas
CTyIeHb HAYYHOW PAIMOHAJIBHOCTH, TOJHUMAIOIIMICS HaJl TOCTHEKJIACCUKOH, HO
1 0oJiee BEICOKHH YPOBEHb Pa3BUTHS CO3HAHUS YETIOBEKA M OOILECTRa.

3akmouenne. Jloxxp He sBISETCS MUBUIM3AIMOHHBIM KOJOM HE3araHoOro
MHpA, OJTHAKO, pa3pyIIUTEIHHO BO3CHCTBYET HA BCIO MHUPOBYIO CUCTEMY. JKOpa-
[IMOHAJBLHOCTh CIACHUTENbHA JIJIT MUPOBOTO IIEJIOTO, B KOTOPOM €CTh MECTO BCEM
ctpanam. M mup He mormOHer HM oT ciusHusA ¢ MM, kak mpopodecTByeT
P. Kypuseiii, HU OT TIynmocTd, Kak npeackasbiBasl A.A. 3UHOBBEB, HU OT ro0alib-
Horo Oe3ymus. OH craceTcs JIIOOOBBIO, MPABION M BCEYEIIOBEUECKUM TyXOBHBIM
pa3zymoM.

Cru1coK UCTOYHUKOB
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" Hosocu6upckuti 20cydapcmeeHHbiti mexHuyeckuii yHusepcumem, Hosocubupck, Poccus
ZMITY um. H.3. baymaHa, Mocksa, Poccus

Annomayun. B ooxnade paccmampusaiomcs 0cOOeHHOCMU OpeaHu3ayuy 06pazoeameib-
HO20 npoyecca O AYXuX U CAabOCablUaux CnyoeHmos ¢ aKyeHmom Ha 3HAYUMOCHb
NpoUIBLHOL NOO20MOBKU NEPEeBOOYUKO8 PYCCKO20 HCECOB020 A3bIKA U Npeonepegooue-
ckotl noocomosku. Ocoboe sHUMAHUE YOeaAemCs POaU K8ATUDUYUPOBAHHBIX NEPe8OOUUKO8
KaK KIo4eso2o 38eHd 8 obecneyeHuy KOMMYHUKayuu u 0oCmynHocmu yueOnol ungopma-
yuu. AHanuzupyomest memoovl 06paA308aAMenbHOU NOO2OMOBKU Nedd20208 K compyoHude-
cmey ¢ nepesoouuKam u pabome ¢ OAHHbIMU KAMe2OpusmMU cmyoenmos. B xode uccnedo-
8aHUA  OCBEWAIOMCA  Cywjecmayiouue npodiemvl meKyujeli cucmemvl HOO20MO8KU
u aoanmayuu, a Makdice HeoOXOOUMOCHb PeyNApHO20 NOGbIUEHUS K8ATUpUKAYUU npeno-
0a8amenbeko2o cocmaga Ojis ux npeoodoseHUs U CO30aHUsA UHKTIO3UBHOU 00pa306amenb ol
cpedsl. B kauecmee unmocmpayuu npueoOSImcs npumMepbl U3 NPAKMuYeckKo2o onvima pea-
auzayuu noO0OHBIX NOOX0008 6 BedyWuUxX mexHuueckux yuusepcumemax Poccuu. [Joknao
HaNpasnen Ha GoOpMUposanue KOMIIEKCHO20 NOHUMAHUSL NPOYECco8 adanmayuy y4ebHo2o
npoyecca u Kadpogozo obecneueHus UHKIIO3USHO20 00pa308aHus 6 0OaACmU PYCCKO2O dHce-
CMOB020 A3bIKA.

Knrouegvie cnosa. pycckuii dicecmosbiil s3viK, NPOPUILHASL HOO20MOBKA NEepesoOyUKO8,
2nyxue u crabocavliuiauue CmyoeHmyl, UHKIIO3UBHOe 00pasosanue, NepesoOYUKU pyccKo20
HCECTNOBO20 A3BIKA, NOBbIUEHUE KEATUDUKAYUU

Beenenue. CoBpeMeHHasi cucTeMa BbICIIEr0 00pa3oBaHMs aKTyalIU3HUPyeT 3ajady
obecrieueHns] paBHBIX BO3MOKHOCTEH OOy4YeHHMs Ui BCEX KaTETOPHH CTYIICHTOB,
BKJIIOYas JIML C MHBAJIMIHOCTHIO. Oco0oe 3HAaUeHUE MpHUIAeTCsl ajanTauuu odpa-
30BaTENIbHBIX MPOTPAMM JUISI TIYXUX M CIA00CIBIIIANINX CTYACHTOB, IS KOTOPBIX
TPaJULUOHHBIE METOABl MoAaYM HH(POPMAaLWHU 3a4acTyio Hed()(EeKTUBHBI H3-3a
ocobenHocteit BocnpusThs [1-3]. B poccHilckux TeXHHYECKHX BYy3aX, TAKUX Kak
HoBocubupckuii rocynapcTBeHHbiii Texuuueckuii yausepcurer (HI'TY) u Moc-
KOBCKHH TOCYJAapCTBEHHBIN TeXHWYeckuil yHuBepcureT uMm. H.D. baymana
(MI'TY), chopMupoBaiiCsi TPAKTUYECKHIA OIMBIT BHEAPEHUS MPUHIIUIIOB HHKJIIFO-
3MBHOTO O0Oy4YeHHs, HAIIPABJICHHBIX Ha MOBBIIIEHNE JOCTYTHOCTH U 3()(EeKTHBHO-
cTH 00pa30BaTEIbHOrO Mpouecca IJisl TIIyXUX CTYICHTOB.

Meroabl 1 MaTepHaJibl; pe3yJbTarhl. MccienoBanye OCHOBAaHO HA aHAJIU3E
COOCTBEHHOTO MPAKTUUECKOTO OMbITa BHEAPEHHS 00pa30BaTEIbHBIX TEXHOJIOTHI
nporpamm A riryxux ctyeHToB B HI'TY u MI'TY. B kauecTBe METOI0B UCIIOJIb-
30BajlaCh CHCTEMATH3allMsl OIbITA peai3alud aJanTHPOBAHHBIX y4YeOHBIX MpO-
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rpamMM, IPUMEHEHHE MYJIbTUMEIUHHBIX CPEICTB C CyOTHTPUPOBAHHEM, a TAKXKE
OpraHu3anys B3aUMOJCHCTBUS C MPO(UIBHBIMU OpPTaHU3AIMIMHU M CIICIHAJIICTa-
MH II0 XECTOBOMY SI3bIKY. B mporecce paboTbl aBTOpHI HCIOIB30BAIH ONHCAHUE
W aHaJu3 PEealln30BaHHBIX IPAKTHUECKUX PEIIeHHH, pa3paOOTaHHBIX METOIYe-
CKUX IM0cOOMi M y4eOHBIX MaTepHajoB, a TAKXKE HCIOJB30BAHUE CIIEHUATBHBIX
IUQPOBBIX U MYJIBTUMEIUHHBIX TeXHOJOTHH. CTOMT OTMETHTH, YTO OOydeHHE
npernojasarenei pabore ¢ IITyXUMH CTyICHTaMHU HE IPOBOAMIOCE.

3akuouenne. B qaHHOM JOKIIaZie MPEACTABIIEH aHAIM3 MPAKTHUECKUX MOJI-
XOJIOB, OCHOBAHHBIX Ha SMITUPUYECKOM OITBITE aBTOPOB, a TaKXKe PacCMOTPEHBI
NPUHIMITE OpPraHW3aluK YYeOHBIX MPOrpaMM, MUCIOJIB30BaHUE MYJIbTHMEAUHHBIX
CpeACTB, CYOTUTPUPOBAHUS M B3aUMOJACHCTBUS ¢ MPOGMIBHBIMU OpPraHU3aLUsIMH
JUTs oOecrieueH s Ka4eCTBEHHOTO 00yUeHHSI.
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Annomauun. B cmamve paccmampueaemcsi CoOBpeMennast poib OHAAUH-00pA306aHUsL 6 NOO-
20MOBKe UHICEHEPO8 HA (POHE YCKOPSIOWUXCST MEXHOIO0SUHECKUX USMEHEHUL U 2100anu3ayuu
00paz06amMenbHO20 PuIHKA. AHAMUZUPYEMCsT MeXCOYHAPOOHBIIL ONblM 6HEOPEHUsl OHJIAUH-
opmamogs u yMHbIX MEXHOI02UL, GKIIOUAs A0ANmMueHbie 00yualowue cucmemvl, Yyuhposule
CUMYISIMOPbL, MPEHANCcEPbL U aHAIUmuyeckue naweau u m. 0. [lpedcmasnenvi npaxmuieckue
PEKOMEHOAYUU N0 6HEOPEHUIO YUPDPOBOL MPanHchopmayuu 6 0OYUeHUe UHICEHEPOB.

Kniouegvle cnosa: onnaiin-obpaszosanue, MemoouKa, UHiCeHepbl, UCKYCCMBEHHbIN UHME-
JIeKM, MEeXHON02U, NPO2PAMMA 00YyUeHUs

Beenenne. CoBpeMeHHass MHKCHEPUSI XapaKTEPU3yeTCsl YCKOPEHUEM TEXHOJIOTH-
YECKUX M3MEHEHHH, YCIOXKHECHHEM CHCTEM U HEOOXOIMMOCTBHIO OIEPaTHBHOMH Iie-
peKBaTMpUKALNN CIEUUATUCTOB. B ycimoBusx rinoGanuzanun o0pa3oBaTeIbHOTO
PBIHKA OHJIaH-00pa30BaHNe CTAHOBUTCS BaYKHBIM HAIPABICHUEM IS TOATOTOBKU
WHXKEHEPOB. OHO PACHIUPSET AOCTYI K OOYYCHHIO, TO3BOJISIET MACHITaOUpOBAaTh
NPaKTUKOOPUEHTUPOBAHHBIC KypChl M BHEAPSITH THOKHE TPAaeKTOpUu o0ydeHus. B
cTarhe OyAeT NPOAHANIN3UPOBAH MEXAYHAPOAHbIM ONBIT OHIAH-00pa30BaHU IS
WH)KEHEPOB, a TakXKe BBISBICHB 3()(EKTHUBHBIC CTPATETHH WHTETPAIlMd YMHBIX
TEXHOJOTHI B 0OpasoBaTenbHbIe [1].

MeToabl 1 MaTepUaabl;, pe3yJabTaTbl. EBporielickue YHUBEPCUTETHI ITUPOKO
MPUMEHSIOT OTKPBITBIE 00pa3oBaTebHbIe pecypchl, THOpUAHBIE (hopMaThl 0OyUe-
HUs 1 nudpossle yabopatopuu. Ilporpammsl, moxaep:kuBaemble EBpocorosom,
HanpaBlieHbl Ha pa3BUTHE NHU(POBOW TPAMOTHOCTH WHXKEHEPOB U BHEIpPCHUE
HaBBIKOB paboThl B Kpocc-PyHKIIMOHATIBHBIX KOMaHAaxX. BaxHblii aciekT — enu-
HbIE paMKH KOMIIETEHIUH 1 METOAUKU OOYUICHUS.

CILIA axTHBHO pPa3BHBAIOT OHJIAHH-KYpPCHI C aKIIEHTOM Ha MPaKTHKY H MPOEK-
THl B peasibHOW nHAycTpuu. IlapTHepcTBa By30B ¢ KOMIAHHSAMH IO3BOJISIOT CTY-
JICHTaM Y4YacTBOBATh B CTRXXUPOBKAX, PElIaTh MPAKTUYECKUE KEHChl M pa3BUBATh
MH)XEHEPHBIE KOMIIETCHIINH.

VYpoBens nudpoBU3aLMHU B A3MATCKUX CTPaHaX BApPbUPYETCsl, HO OOLIMH TpeH —
AKTUBHOE BHEJIPEHUE OHJIAWH-KYPCOB U THOPUAHBIX Mozeneil. MoOunbHbIe Tatgop-
MBI U IOCTYII K HHTEPHETY B OOJIBILIMX TOPOJAAX Aal0T BO3MOKHOCTH OXBAaTUTh HIMPO-
Ky ayJIMTOpHIO. PernoHabHbIe IPOrpaMMBbl YacTo aJalTUPYIOTCS TI0J HAIIMOHAIb-
HBIE CTAaHIAPTHI MOATOTOBKH HH)KEHEPOB, YUUTHIBAs IOTPEOHOCTH OU3HECA.
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Mexnynaponasie miatdopmsl MOOC, onmnaifH-mabopaTOpUH U OTKPHITHIE
KYpCBI IIPEJOCTABISIOT 0a3bl 3HAHWH /711 HHXKEHEPOB 1o BceMy Mupy. OHHU 1103BO-
JSIFOT HOBBIM TIOKOJICHUSIM WH)KCHEPOB IOJIy4aTh IIIO0ANIBHBIN OIBIT, CPABHUBATH
MOXObI K BHEAPSTH Jy4IIIHE MPAKTHKH B JIOKATBbHBIX YCIOBUsX [3].

PaccMOTpyM OCHOBHBIE ITyTH HWHTETPAllMd YMHBIX TEXHOJOTWMH B OHJIAH-
o0pa3zoBaHue WHXEHEPOB [2]: mepcoHanmu3aiys o0y4eHHsT 4epe3 MCKYCCTBEHHBIN
WHTEJUICKT; MHTEJUICKTYalbHbIE CUMYJIISITOPEI, TPEHAXKEPH! U IU(POBbIE TBOWHUKH;
pacipeqeNeHHble KoJUIadopalud M COBMECTHOE INPOEKTHPOBAHHUE; aHAINTHKA
y4eOHOUW aKTUBHOCTH W TPEIUKTHBHAS TMOJJICPIKKA; BCTPOCHHAS OllEHKa W o0part-
Hasl CBS3b; TUYECKUE U PETYJISITUBHBIC aCTICKTHI.

OCHOBHBIC PEKOMEH/IAIIMY 10 BHEAPECHHUIO B By3aX M 00pa30BaTeNbHBIX ILIAT-
¢dopmax: pa3paboTka cTpaTerHH TUPPOBOIH TpaHC(HOPMALMK; WHBECTUIMH B WH-
¢bpacTpykTrypy W miatdopMbl, pa3paboTKa W BHEOPEHHE CTaHAAPTOB KauyecTBa,
MOJIJIEPIKKA KAJIPOB M MEHTOPCTBO; OIIeHKA AP PEKTa U MOCTOSIHHAS ONTUMHU3AIIHS.

3akmiouenne. CoBpeMEHHBIE METOJMKH OHJIAHH-00pa30BaHMsl OTKPBIBAIOT
MIUPOKHE BO3MOXXHOCTH ISl (D (PEKTUBHOM MOATOTOBKM MH)KEHEpOB. VHTErparus
YMHBIX TEXHOJIOTHI IMO3BOJSIET MOBBICUTH TMEPCOHAIHM3ALMIO0 OOYYCHHUS, YMEHB-
HIMTH Oapbephl JOCTYIA K MPAKTHYECKUM pecypcaM U YCKOPUTH HEepexo]l BBITYCK-
HUKOB B TIPOMBINUICHHOCTh. YCIICIIHAs pealu3alusi TpeOyeT CTpaTerunvecKoro
MOJX0/1a, MHBECTHILIMI B MH(PPACTPYKTYpy, COTPYIHHUYECTBA C MHIYCTPHUEH U TIO-
CTOSIHHOH OIIEHKH Ka4ecTBa.
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Annomayus. Paccmompeno pasgumue cmyOeH4yecKux UHMCEHEPHbIX co0dujecms om Jo-
KAbHBIX QOPM 8 OMOENbHBIX 8Y3aX K MENHCEY308CKOMY (POPMAmy nO HANPAGIEHUAM C Yie-
mom 3a0au mexHono2u4eckoeo audepcmaa. Ilpedcmasnenvt 603mMoHCHOCMU 00beOUHEHU
CcmyoeHmog 0 0OMeHa ONbIMOM, Pearu3ayuu COBMeCHbIX NPOeKMOo8 U NONYAAPUIAYUY
undcenepHoll npogeccuu. Iloxasano, ymo mexHorO02UU UCKYCCMEEHHO20 UHMENIEeKMA
Heo0bX00UMO UCHONL308AMb KAK BCHOMO2AMENbHYIN UHCIMPYMEHM, ONpedeNas PamKu e2o
npumenenus coemecmuo npenooasamenamu u cmyoenmamu. Coenanvi 6b1800bl, UMO
MEHCBY306CKOE UHIICEHEPHOE COOOWeCmB80 CnOCoOCmEyem MOOepHU3ayUY 00pa308aHUs
U hopmuposanuio NPOGeccuoHaIbHLIX KOMHEMEHYU.

Knrouegvle cnosa. undicenepnoe obpazosanue, Mexic8y308CcKoe cooOuecmeo, UCKycCmeeH-
HbLIL UHMeENNeKm, NONYIApU3ayUs npogeccuu uHxicenepa, KOOpOUHayus ¢ npenooasames-
MU

Beenenue. CoBpeMeHHOE MHKEHEpHOE 00pa3oBaHHE CTAJKUBACTCS C BHI30BAMH
u¢poBoil TpaHcPOpPMALIMK M YCIOKHEHUSI TEXHOJIOTHH, YTO TOBHIIIAeT TpeboBa-
HHS K MOJrOTOBKE CrieiuannucToB [1]. AKTyanbHO# 3amadeil CTaHOBUTCS MHTErpa-
IIUS1 ICKYCCTBEHHOTO WHTEIUIEKTa KaK HHCTPYMEHTa (OPMHUPOBAHHS MHKEHEPHOTO
MBIIUICHHS. ¥ 00pa3oBarenbHOM npakTuku [1-4]. HoBu3Ha McciaeoBaHus 3aKITiO-
YaeTcsl B epexoe OT JOKAIbHBIX CTylIeHYecKuX HayuHbIX obmmectB (CHO), orpa-
HUYEHHBIX paMKaMH OJHOTO BY3a, K MEXBY30BCKOMY ¢opmary, 4TO MO3BOJSET
00BEIMHUTE PECYPCHI, PACHIMPUTH HCCIEN0BATENbCKHE BO3MOYKHOCTH CTYACHTOB
Y MTOBBICUTD 3HAYMMOCTh HHIKEHEPHOT0 00pa3zoBanus [5].

MeToabl U MAaTEPHABI; Pe3yabTAThI. AHATN3 ITyOJUKAIMA U OMBITa PAOOTHI
CHO noxka3zan ux 3¢$peKTHBHOCTH B (POPMHUPOBAHUU HCCIIEIOBATEIILCKUX HABBIKOB,
HO OTPAaHWYCHHOCTh PAMKaMH OTIENIbHOTO By3a MPEMSTCTBYET IOJHOLEHHOMY
obmeny pesynbratamu [5)]. J{ns 000cHOBaHUS MpeuiaraeMoil MOJIeIH UCTIONb30Ba-
JIMCh METOJIbI CPaBHUTEILHOTO aHAlIM3a M CHCTeMaTH3aluu MaHHbix [1-5]. Ycra-
HOBJICHO, YTO MEXKBY30BCKOE HWH)XCHEPHOE COOOIIECTBO CIIOCOOHO OOBEIUHSTH
CTYACHTOB M3 Pa3HbIX YHHBEPCHTETOB, oOecreunBas OOMEH ONBITOM U COBMECT-
HYIO0 peanu3auuio npoektoB. [Ipu KoopauHanuu ¢ mpenoaaBaTelsIMU-HACTABHU-
KaMH{ U 9KCTIepTaMU-TIPaKTUKaMH OHO TO3BOJISIET BeIpaOaThIBaTh MpaBMiia U PaMKH
npumenenust U B o6paszoBarenbHOM Tporiecce [2, 3], HCIonb30BaTh €ro Kak MH-
CTPYMEHT TOJACPKKHA YUECOHOU, MCCIEAOBATEILCKON M TIPOSKTHON NEATEITHhHOCTH
[1-4]. Takoif mOAXOA OJJHOBPEMEHHO CIIOCOOCTBYET TOITYJISIPU3ALUN WHKCHEPHON
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npodeccur B MOJIOJSKHON cpelie U (HOpMHUPOBAHUIO IIATGOPMBI Ul MEXIyHa-
poaHoro BSaHMOHeﬁCTBHH C YUCTOM IMOCTABJICHHBIX 3aa4 TCXHOJIOT'MYCCKOI'0 JIU-
JepctBa B HalloHaJIbHBIX IPOEKTOB.

Obcy:xnenne. HoBu3Ha mpeiaraeMoro moaxoja 3aKiIfoyaeTcss B MacIITabHo-
CTH W KOOPAMHALIMK JIESITEIFHOCTH: B OTJIMYME OT JIOKAIBHBIX CTYIECHUYECKHX 00B-
€IMHEHUH, MEXXBY30BCKOE COOOILIECTBO (pOopMUPYET CeTh B3aMMOJECHUCTBHUS, OXBAThI-
BaIOIIYI0 HECKOJILKO 00pa3oBaTeNbHBIX HEHTpoB. Brirouenne MU B 3TOT mporecc
OTKpBIBAET HOBBIEC MEPCHEKTHBBI. aBTOMATH3AIMI0 PYTHHHBIX 3a/a4, PaclIMpeHue
JIOCTyIa K 3HAHUSAM U MOJICPIKKY TBOPUYECKOTO MOTeHNuMa a cryaeHros [1-3]. Ox-
Hako 3ddexTrBHOE NcTionb3oBanre M BO3MOXKHO TOJBKO HPH YETKOM MMOHUMaHUH
€ro PO M OTPaHUYEHHUH, KOTOPBIE JOJKHBI ONPEAEISATHECS COBMECTHO IPENOaBa-
TEJSIMH U CTyIeHTamH [4].

3akmouenne. Co3gaHue MEXBY30BCKOIO MHKEHEPHOTO CTYAEHUYECKOTO CO-
O6IIICCTBa ABJIACTCA BaAXXHBIM IITaroM B MOJCPHU3AINN MHKCHEPHOT'O 06pa3OBaHI/I$I.
Orotr popmar 00beAUHSET TyUllIne NPAKTHKH Pa3HBIX BY30B, CTUMYJIUPYET Kpocc-
B3aUMOJEHCTBIE U (HOPMHUPYET YCTONUUBBIA MHTEPEC MOJOAEKH K MHKCHEPHOM
npodeccun. Brimoyenne MU B o0pa3zoBarenbHBIN MpoIecc Kak BCIIOMOTaTeIbHOTO
WHCTPYMEHTA IO3BOJISIET MOBBICUTH 3()(EKTUBHOCTH OOY4eHHs, IPU 3TOM OTBET-
CTBEHHOCTb 3a €r0 NMPaBMJIbHOE MPUMEHEHHE JOJDKHA OBITh paszesieHa MeXIy CTy-
JCHTaMU U MPEroaaBaTeCIsAMU.
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Annomayusn. Paccmampueaemcst ponb 63aumo0eticmaust UHMeIeKmyaibHol cCOOCMEEHHO-
cmu (MC) u mexnonoeuil uckyccmeennoz2o unmennexkma (MH) kax wacmu paseumus undice-
HepHo2o obpaszosanus. I[lokasano, umo couemanue UC u UU popmupyem nosvie obpaso-
eamenbHble NPAKMUKU, CIUMYIUPYem pPAaseumue UcCie008ameibCkux KoMNemeHyull
U nogvlulaem Momusayulo CMyo0eHmos8 K npoekmuou oesmenvhocmu. Coenamn 661800, 4mo
UHmMe2pPayusi MEeXaHusMos8 3auumsl pe3yibmamos UHMENIeKMYaIbHOU OesimenlbHOCIU
(PA) u uncmpymenmos HH cozoaem ycnosus 0ns popmuposanus y UHICEHEPO8 KoMne-
meHyutl 6yoyue2o.

Knwuesvie cnosa. UHOICEeHepHOoe o6pa3osanue, UrRmeslieKmydaibHas CO6CM6€HHOCI’}’lb, uc-
KyccmgeHHblﬁ UrRmesiekn, npoexkmHas ()eﬂmeﬂbHOCmb, KomnemeHyuu 6)/()}/11{@20

Beenenue. CoBpeMeHHBIC BBI30BbI HU(POBOH SKOHOMHUKH TPEOYIOT OT MHXKEHEp-
HOro 00pa30BaHMs MOATOTOBKM CIEIMAINCTOB, CHOCOOHBIX HE TOJBKO CO3/1aBaTh
WHHOBAI[MOHHBIC DPEIICHHs, HO M YMpaBisATh mpaBamu Ha Hux [1-3]. PasBurue
komreTeHuni B obnactu MC cTaHOBHUTCS CTONBL e BaXKHBIM, KaK BIaJCHHE CO-
BPEMEHHBIMH IIH()POBBIMUA HHCTPYMEHTaMHU, BKitodast U [4].

Metoabl H MaTepuajbl; pe3yJbTaTbl. AHaIH3 00pa30BaTENbHBIX MPAKTHK
MIOKA3bIBAET, YTO BKJIIOYEHHE B yueOHBIN mponece auctuiuivd no YC u tpeHaxe-
poB Ha ocHOBe MM cnocoOcTBYeT pa3BUTHIO Y CTYJEHTOB KPUTHYECKOTO MBIIILIE-
HHS M MHHOBAIIMOHHOTO Tozaxoxa [2, 4]. U/ mo3BonseT aBTOMaTH3UPOBATh MOUCK
MAaTeHTHOW MH(OPMAaNUK, TPOBOANUTE ATCHTHBIE MCCIIEIOBAaHMS M OLIEHUBATH Tep-
criekTiBbl KoMMmepruanu3anuu [1]. [Tpu arom HaBbiku yrpasienus UC popmupy-
10T y CTYACHTOB [IOHUMaHNE LIEHHOCTH NH)KEHEPHOTO PE3yJIbTaTa U OTBETCTBEHHO-
CTH 32 €ro IPaBOBYIO 3aLUTY.

Oocy:xxaenne. Bzaumocssizsp UC u UM oTkpbIBacT HOBBIE TOPU3OHTHI MHKE-
HEpPHOTO 00pa30BaAHWIS:

— CTYJICHTHI TOJIy4aloT ONBIT paOOTHl Ha CTHIKE TEXHOJOTHH W MPaBOBBIX ac-
MIEKTOB;

— MWW BbICTynaeT MHCTPYMEHTOM YCKOPEHHUS IPOEKTHOH M HMCCIEI0BATENb-
CKOH IeATCIBbHOCTH,

—3amuTa MpaB Ha Pe3yNbTaThl CTUMYJIMPYET akaJeMHYECKOe NpeanpUHUMa-
TEIBCTBO M CTApTan-KyJabTypy [3].
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OpHaKo WHTETpaIMs 3TUX HANPaBJICHUH TpeOyeT OalaHCHPOBKHU: HEOOXOAMMO
(hopMUpPOBaTh y CTYJICHTOB HE TOJHKO TEXHUYECCKHE, HO M ITUYCCKHE KOMIICTCH-
MM, CBSI3aHHBIC C OTBETCTBEHHBIM Hcnonb3oBanuneM MU u ynpasnennem UC [5].
BaxxupiM HampaBiieHHEM CTaHOBUTCS Mcnonb3oBanne MU B oOpazoBaTenbHOi aHa-
JUTUKE. CHCTEMbl MAIIMHHOTO OOYYEHHs IMO3BOJSIIOT OTCIEKHUBATh ITUHAMUKY
OCBOEHHSI MaTepraia CTYIACHTaMH, BEISABIATH MPOOENbl W MpeasiaraTh HHIUBUIY-
alnbHble TpaeKTOpuH oOyueHus. B couerannn ¢ kypcamu no MC 3to obGecrieunBaeT
aJIPECHYI0 MOJTrOTOBKY MH)KEHEPOB, YUHUTBHIBAIOILYIO0 HE TOJNBKO TEXHHYECKHE, HO
Y TIPAaBOBBIE acTEKTHI Oyymieit nesTenbHocTH. Kpome Toro, mpakTuka BHEAPEHUS
MPOEKTHBIX KYypCOB C 00S3aTENBHBIM NAaTEHTHBIM IOMCKOM U CONPOBOXKIACHUEM
¢ npumeHerneM MU mo3BoisieT CTyaeHTaM B paHHEH CTaauM MOHSTH, KaK HIes
npepparniaercs B 00bekT MC. D10 ycunuBaeT 0CO3HaHHOCTH TpU pa3paboTKe pe-
HICHUH U GOPMHUPYET HABBIKUA OTBETCTBEHHOT'O UCTIONB30BaHMS TEXHOIOTHH.

3akiouenue. Brrrouenne B 00pa3oBaTeNbHBIE TPOTPAMMBl CHCTEMHOM TIOI-
rotoBku B oomactu MC B coueTanuu c NPAKTHUYCCKHUM HCIIOJIB30BAHUEM TEXHOJIO-
ruit UM dopmupyer HOBoe KadyecTBO HMHXKEHEPHOTO 0OpazoBaHMs. DTOT IMOIXO]
o0ecrieunBaeT MOATOTOBKY CIICIUANICTOB, CIHOCOOHBIX HE TOJIBKO T'€HEPHPOBATH
WHHOBAIlMHK, HO U 3(()EKTUBHO 3alIUINATh UX U BHEIAPATH B SKOHOMHUKY 3HAHUU.
YunteiBas 06pa3OBaT€JIBHyIO AHAJIMTUKY, NPOCKTHBIC KYpPChl C DJIEMCHTaAMHU IIa-
TEHTHOI'O TIOMCKA M MEXKIYHApPOJIHOE COTPYIHHUYECTBO, MOXHO TOBOPUTH O (hop-
MHUPOBaHUM Y WHKXEHEPOB KOMIETCHIINH OyayIIero, OpHeHTUPOBAHHBIX HA TEXHO-
JIOTHYECKOE JIMAEPCTBO W OTBETCTBEHHOE FWCIIOJIBb30BAHNE HMHTEIUIEKTYaTbHBIX
peCypcCoB.
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MHTerpauuns TexHoNoruin agAUuTUBHOIO NPOU3BOACTBA
B 06pa3oBaTesibHOE NPOCTPAHCTBO B KOHTEKCTE peannsauum
thepepanbHbIX FOCYyAaPCTBEHHbIX 06pa30BaTesibHbIX CTAaHAAPTOB

Bnactok EneHa Hukonaesna'” vlasuk_elena@list.ru

AO «LjeHmpanbHbIl HayYHO-UCCAEA08aMeNbCKUL UHCMUMym a8MOMAMUKU U 2U0Pas/IUKU»,
Mockea, Poccus

Annomayun. Unmezpayus mexuono2uu a0OumueHo20 Hpou3eo0cmsed opmupyem Ho8y
obpazosamenvuyo napaduemy, NO3604AUWYI0 CMYOSHMAM Nepexooums Om Mmeopuu K
npaKmuke, pa3eusas UHMCEHePHOe MbIUIEHUE U HABLIKU MAMEMAMUYEcK020 MOOeTUpPosa-
HUSL; 20MO8UMb KAOPbl 01 BbICOKOEXHOIOSUYECKUX Ompaciell, CMUMYyIupys meopuecmeo
U umMmepec K UCciedo8amenvcKoll OesmenbHOCuU, 4mo omeeyaem 3anpocam yugpposoi
9KOHOMUKU.

Knroueswie crosa: aooumuenoe npouzsoocmeso, 3D-modenuposanue, KoOMnemeHmHoOCmHbIL
n0OX00, MENCOUCYUNTIUHAPHOCTb, UHHOBAYUU

Beenenne. CymiecTByeT CUCTEMHOE MPOTHBOPEUHE MEXKIY CTPEMUTEIBLHBIM pas-
BUTHEM aJJUTHBHBIX TEXHOJIOTUH M UX KpaiiHe ci1a0bIM, ()parMEHTapHBIM OTpaske-
HHEM B (pefepaibHBIX rOCYJIapCTBEHHBIX 00pa3oBarenbHbIX cTanaaprax (PIOC)
U, KaK CIEJICTBHE, B OCHOBHBIX MpodecCHOHATBHBIX 00pa3oBaTENIbHBIX MPOrpaM-
max (OITOIT), uro co3gaeT KPUTHIECKOE OTCTABaHWE MOITOTOBKH KaJpOB U TOP-
MO3UT TEXHOJIOTHYECKUi cyBepeHuTeT crpanbl [1]. Peammzammsa OIIOII no umxe-
HEpHBIM M TEXHUYECKHM CIECLUAIBHOCTSIM C(OKyCHpOBaHa Ha CyOTPaKTHUBHBIX
(BbIUMTAIOIMX) MeETOAaX Mpou3BOACTBA ((pe3epoBanue, TOUEHHE, CTPOTAHUE).
[TocnencTBusi: BBITYCKHUK BBICHIETO y4eOHOro 3aBeAeHHUs] OJecTsie 3HaeT
YCTPOHCTBO TOKAPHOTO CTaHKA, HO HE UMEET CUCTEMHBIX 3HaHuil 0 3D-neuatn me-
TaJJIOM, MOJIUMEPaMH, KEPaMHUKOH; OH He TOTOB K padOTe Ha COBPEMEHHOM HHU(-
POBOM IIPOM3BOACTBE.

Metoabpl M MaTepHaJbl;, Pe3yabTaThl. AJIUTHUBHBIC TEXHOJIOTHH HOCAT
MexaucuInHapHeiid xapakrep, a ®I'OC u OIIOIl — guctunnuHapHbeid. Agau-
THBHBIC TEXHOJOTMH HAaXOIITCA Ha CThIKe aUCHUIUIMH: wuHpopmaruka (3D-
MOJICTIUPOBAHUE, CIAWCHHT, T€HEPATHBHOE MPOCKTUPOBAaHHE), QU3MKA U XUMUS
(cBoiicTBa MaTepuanoB, TEPMOMEXaHHKA IPOLECCOB), 4YepueHHe (MHKEHEpHas
rpaduka, padora ¢ CAD), 6uosnorust u meauiunaa (6uonpurtunr). OITOIT xecTko
paszernsieT 3TH TIpeaMeThl. MexaHu3M Ui CO3/aHHsi MHTETPHUPOBAHHBIX KypPCOB
WM CKBO3HBIX NMPOEKTOB HE JI0 KOHIIA HAJNAXEH, YTO JIeNaeT M3YYCHUE aJIJIATHB-
HBIX TeXHOJIOTHI OeccructeMHbIM [2]. MITOr: HeoOX0oauMbl Oosiee THOKHE MEXaHU3-
mbl aktyanusanud OITOIT (Hanmpumep, MOIYJIbHbINA TPHHIIHIT).

Kpome Toro, oTcyTCTBHE KaIJpOBOTO 00CCIICUCHHUS U MaTEPHATEHO-TEXHUYECKOM
0a3pl TaKke TOPMO3UT pelieHue mpodiemsl. Mror: puck (opMmaibHOrO MoaXona,
U3y4YEeHUE aIIUTUBHBIX TEXHOJIOTHH TOJIBKO B TEOPHHM, IO KApTHHKAM, YTO IIOJIHO-
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CTHIO YHHUYTOXKAET MX MPAKTUYECKYI0 IIEHHOCTh. AJUINTHBHBIE TEXHOJOTUU — 3TO
KpaeyroJibHbI KaMEeHb WMIIOPTO3aMEIICHUs, [IU(POBU3AIMK MTPOMBIILIICHHOCTH U
pa3BUTHSL BHICOKOTEXHOJIOTHYHBIX OTpacied. VTor: moAroroBka KaapoB JUIs aJiju-
THUBHBIX TEXHOJOTHHA — 3TO HE MPOCTO €IIIe OJIUH MPEIMET, 3TO BOIPOC HAMOHAIE-
HOU CTpaTeruu.

[IpemmararoTcs cneayIonye MyTH PEeIICHHS

1. PazpabotaTh U BHEAPHUTH CKBO3HOW 00pa3oBaTeNbHBIA MOLYbh «OCHOBBI
aJIMTUBHBIX TEXHOJOTHI» s BKitoueHus B aerictByromue OIIOII, cnenath ak-
IIEHT Ha MPOCKTHOU JIEATEIHLHOCTH ISl BHSIPECHUSI TIPAKTHK aINTHBHBIX TEXHOJIO-
ruii B obpasosanue. [3].

2. Co3aathb ceTh (enepaibHBIX [EHTPOB KOMIETEHIUH M0 aJIUTUBHBIM TEX-
HOJIOTHSIM Ha 0a3e BeAyMIMX 00pa3oBaTENbHBIX OpraHU3alui I MacCcoBOM mepe-
MOJITOTOBKH Mpernoiasareneii [4].

3. CTuMyIIMpoBaTh TOCYJNAPCTBEHHO-YACTHOE MAPTHEPCTBO JUIS OCHAIICHUS
00pa30BaTeIbHBIX YUYPEKICHUH COBPEMEHHBIM OOOPY/IOBAaHHEM OT POCCHUCKHUX
MTPOU3BOIUTENEH.

3akawuenne. Takum 00pa3oM, 1€J1eCO00PA3HO MPOBECTH aHAIU3 0APHEPOB,
CACPKUBAIOIINUX MHTETPAIUI0 KOMIICTCHIIMNA B O0JIACTU aJIMTUBHBIX TEXHOJOTUH
B 00pa3zoBareNbHBIC MPOTPaMMEI BBICIIEr0 OoOpazoBanms. [Ipobrema HOCHT cH-
CTEeMHO-METOIOJIOTHUYECKHH XapakTep, TpeOyeTcst pa3paboTka CKBO3HOW MEKBe-
JIOMCTBEHHOW CTparerud, BkiItovaromei B ceds: BBegeHre B @I'OC rubkux mex-
TMUACITUTIIMHAPHBIX MOJYJICH MO0 CKBO3HBIM TEXHOJIOTHSAM, CO3/aHue (eaepaabHOMl
MPOrpaMMbI OCHAIIIEHUS 00Pa30BaTEIbHBIX OPraHU3aIMil 1 TePENOrOTOBKH Teia-
TOTHYECKUX KaJpoB, pa3pabOoTKy HOBOTO IOKOJIEHHS 00pa3oBaTEeNbHBIX CTaHAap-
TOB, OCHOBaHHBIX Ha MPUHIIUIIAX TEXHOJIOTHYECKON arHOCTUYHOCTH U OPUCHTAINH
Ha OIEPEeKaroNIyo MOATOTOBKY. be3 pelreHus: TaHHBIX BOIIPOCOB MHTETPAIHS al-
JMUTUBHBIX TEXHOJIOTHHA B 00pa30BaTEbHOE MPOCTPAHCTBO OYIIET OCTaBAThCS Xao-
TUYHOW U HEAPPEKTUBHOM.
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HpaBCTBEHHbIE PUCKMN B peLIEHUU IKONOTMYEeCKUX npobnem
B YCJIOBUAX KOMMeEpLUANIU3ALUN NPUPOAOOXPAHHON AeATENbHOCTU

FapaHuHa Onbra JleHMcoBHa odgar@mail.ru
SPIN-kop: 3579-0082

@rey «MITY r'A», Mockea, Poccus

Annomayus. Paccmompena npobiema napacmanus amopanusma 6 opeaHu3ayuu npupo-
0ooxpannwix meponpusamuii. OXapaxmepusosanvl 603MONHCHbIE HPABCTNEEHHbIE PUCKU, 00)-
CNI0GNIeHHblE KOMMepyuanuzayuei sKkoaoeuteckol deamenvhocmu. Ilokazano, umo domu-
HUPOBAHUE IKOHOMUYECKUX UHMePecog 6edem K OMKA3Y OM HPAGCMBEHHbIX KpUmepues
(omeemcmeennocmb, YeHHOCMb HCUHU, SYMAHUZM) 6 NPUHAMUU PEUleHULl N0 OXPaHe Npu-
poovl. ObocHosana Heobpamumocmy yeiyoieHus RPomueopeduss Mexcoy pednbHol IKOJ0-
2UYeCKOU 0essmenbHOCMbIO NPEeONPUATULL U SMUYECKUMU NPUHYUNAMU, NPOBO32LAUAEMbl-
MU 8 OeKnapayusax u Kooekcax.

Knwuesbie cnosa. sxonozuueckas amuka, Hpa@CWZKEHHbIIZ PUCK, KOMMepyuatusayusl 3Ko-
A02UYeCKOoll deﬁmeﬂbHocmu, YEHHOCNTb JHCU3HU, OMBEeMCMEEHHOCMb

BBenenue. Llens mcciaemoBaHusi COCTOMT B 0OOCHOBAaHWM BO3HMKHOBEHUS TEHICH-
IIMM OTKa3a OT HPABCTBEHHBIX IPUHIMIIOB B COBPEMEHHOM MPUPOTOOXPAHHOM jaes-
TEJBHOCTH. B OT/IMUME OT APYruX MCCIIeA0BaHHUiM, 0OOCHOBBIBAIOIIMX BO3MOKHOCTh
BHEIPCHHS U PEAT3alMU dTUYECKOTO TIPHHIIMIA OJIarOroBEHMs IEPel KH3HBIO KaK
OJIHOI W3 OCHOB TPUPOJOOXPAHHOMN EATEIHHOCTH YENOBEKa, IMPOBO3IMIAIIAMOIINX
9TOT NPHHIMI OCHOBOW Pa3BUTHsI COBPEMEHHOMU KyJbTypsI [1], aBTOp paccMarpuBa-
€T TCHACHLMIO HPABCTBEHHBIX MOTEPh B JKOJOTHYECKON cdepe Kak CleacTBue
JATEHTHOTO OTXO/@ OT 3TOTO MPHUHIIKIIA. paccMaTpuBaeMasi mpodiieMa akTyaTH3upo-
BaHA, BO-TICPBBIX, aKTUBHBIM PAa3BUTUEM TEXHOTCHHOTO MHpA, CYKAlOLIEro Mpo-
CTPAHCTBO JKMBOTO U JICJAIOLINM )KHBOW MUP HE HHTEPECHBIM M HE aKTyaJIbHbIM JUIS
yenoBeka [2]. Bo-BTOpBIX, MPOMacTs MEXAY MPUPOAON M YEIOBEKOM (0OILIECTBOM)
pacummmpsieTcsi BCIICICTBHE HApacTaHWs YTHIMTApU3Ma COLMAJIBHOTO B3aHMOJCH-
CTBHSI, YTO TIPOSIBIISIETCS] B KOMMEPIIHAIU3AINH BCEX CTOPOH KHU3HH COIMYMA.

MeTtoabl 1 MaTepUaJIbl; pe3yJbTaTbl. METOI0JIOrMYECKO OCHOBOW HCCIie-
JIOBaHHs BBICTYIAIOT JIEMEHTBHI CHHEPTEeTUUECKOTO U CHCTEMHOTO TOJIX0/I0B, 1103~
BOJIMBIINE 0CO00C BHUMAaHHE OOpAaTUTh HA HEPapXHi0 (HaKTOPOB, MCKAKAFOLIMX
NPUHLUIEL OJIArOTOBSHUS TIEpe]] )KU3HBIO U OTBETCTBEHHOCTH; JUIsl aHAJIM3a Peallb-
HOHM 9KOJIOTMYECKON CHUTyaluu ObUIM HCIOIB30BAHBI DJIEMEHTBI IKOJIOTHYECKOTO
HapparuBa [3].

[TpoTHBOpEYHE MEKIY CHCTEMOM IOPUIMYECKIX M HPABCTBEHHBIX TPEOOBaHUIA
U PEAbHOCTHIO PE3yJIbTaTOB MPUPOJOOXPAHHON JesTeabHOCTH [4], 00ycioBieH-
HOE YKOHOMHYECKUMH MHTEPECaMH NpPEeINpHUsITHii, YpeBaTO 3HAYUTESILHBIMU HPaB-
CTBEHHBIMH yrpo3aMu. OJHUM W3 HPABCTBEHHBIX PHUCKOB B 00JACTH MPHPOIO-
OXpPaHHOW JIESITENIbHOCTH BBICTYNACT PHUCK «KOH(IMKTA HMHTEPECOB», KOraa



300 Pycckuli uHxxeHep: Il MexxdyHapoOHbil koHzpecc. Mockea, 29 -3 1 okmsbps 2025 2.

H9KOHOMUYECKHE BBIFOZBI OPTaHU3aLMU BCTYIAIOT B MIPOTHBOPEUME C €€ IKOJIOTH-
yeckuMH netsiMua. CTpemsich n30eKaTh IOPHUIUYECKOW W IKOHOMHYECKOW OTBET-
CTBEHHOCTH 3a SKOJIOTMYECKHE HapyLICHUS, OpraHU3al1 CKPBIBAIOT HHPOPMALHIO
0 PeaJIbHOM COCTOSIHUHU CBOEH IIPUPOAOOXPAHHOM AEATENbHOCTH, CO3HATEJIBHO OT-
Ka3bIBasCh OT HPaBCTBEHHBIX KPUTEPUEB B €€ oleHKe. Hepenko akoHOMHUEcKue
MHCTPYMEHTBI HCIIONB3YIOTCS U1 00X0[a SKOJOTMYECKHX HOPM U IIPABUI, €CIH
9TO TO3BOJISIET MONYYUTh OONbINyr0 mpuObLIb. [Ipennpusitus Moryr, Hampumep,
npruoOpeTaTh KBOTHI HAa BEIOPOCH], BMECTO TOTO YTOOBI CoKpamaTsh ux. Kommepuu-
anu3anysl 3KOJIOTNYECKON NEATeIbHOCTH YacTO IPUBOAMUT K IepepaclpeesIeHHUIO
PECypcoB B MOJIB3y NMPOEKTOB, KOTOPhIE OYOYT UMETh OOJBIIYI0 3KOHOMHUYECKYIO
npuObLUIb, a HE TeX, KOTOpBIE OoJiee BasKHBI C TOUKH 3PEHHS COXPAHEHUS IPUPOBI.
HpaBcTBeHHBIE TIOTEpH COLIMYMa HEW30EKHBI MPH BO3HHUKHOBEHHH PHUCKA «MO-
pPaJIBHOTO PAa3JIOKEHUSI» BHYTPU OPraHU3allM, KOTAAa COTPYAHHMKH, CTAJIKUBAsCh
C SKOJIOTHYECKHMHU HapyIICHUSIMHI UM Oe37efiCTBHEM PYKOBOJICTBA, TEPSIIOT BEPY
B [IEHHOCTh 3KOJIOTHMUYECKOH AeSTeNbHOCTH.

3akiiroyeHne. 3aKOHOAATEILHOE HOPMOTBOPUYECTBO B HKOJOIMYECKOil cdepe
He Oy/IeT yCIEeNHbIM, €CJIH HPaBCTBEHHBIE aCIeKThl KOJIOTHUECKON AEATEIbHOCTH
HE BBIIAYT Ha mepBoe MecTo. HeobxoaumMo co3naTh cucteMy, B KOTOpoii 3a0ota 00
OKpyXaromei cpere OyJeT He TOIBKO MOpPAJbHBIM 0053aTENbCTBOM, HO M BBITOJI-
HOU cTpareruei, crocoOCTBYIOUIC yCTOWYMBOMY Pa3BUTHIO M MOBBIIICHHIO KOH-
KypEHTOCIIOCOOHOCTH.
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OCHOBHbI€ YCI0OBUA peLleHns 3KoNornyecko npobnemoi:
CUCTEeMHbIN aHanu3

Fy6aHoe Hukonai Hukonaesuy™? gubanovnn@mailru

* @uHaHcosbIl yHUBEpcumem npu lMpasumenscmee Poccuiickoll ®edepayuu, Mockea, Poccus
ZMITY um. H.3. baymaHa, Mockea, Poccusa

Annomayun. Cucmemusill aHaiu3 NO360AUL 8bIOEIUMb MPU YCI0GUSL, HeoDOX00umble O
peienust SKON0SUYECKOU NPOOIeMbL. KYIbMYPHO-MUPOBO33PEHUECKUE OCHOBANUS, COYUATb-
HO-NOAUMUYECcKUe YCiosus u mexnono2uveckux cpedcmesa. Ilepsviii pakmop npedcmagnen
9KONOSUYECKOU IMUKOU U 2nobarucmcekum menmanumemom. Oxapakxmepuzoeanvl npuHyu-
nwvl bazo2oeenus neped scuznvio A. Llsetiyepa u sxonrocuvecxkozo umnepamusa H.H. Mou-
ceesa. DKONO2UYECKULl UMNEPAMUE MPAKMYEMmCs KAk Omeem 2100anucmeKo20 Menmaii-
mema Ha yepo3y oOwjenianemHol sKoaocuyeckol kamacmpogvl. CoyuanbHo-noaumu-
YeCKUM YCIL0BUEM PeUleHUsl IKOIOSUYECKOU NPOOIeMbl CLyHcUm Hapodosiacmue u meepooe
MENCOYHAPOOHOE 3AKOHOOAMENbCME0. DPDEKMUBHBIMU MEXHUYECKUMU CPeOCEAMU NPU-
3HAHbL 6E€30MXOOHASI MEXHONL02UsL U YNpaesisiemas buomexnocgepa.

Knrouegvie cnosa:. sxonozuneckas npooiema, IK0I02UYeCKdst IMUKA, 2100ATUCICKUL MeH-
manumen, 9KOI02UYECKULl UMnepamue, ynpasisemas ouomexuocgepa

Beenenue. Dxonornueckas mpodjaeMa OTHOCUTCS K YMCITy HanOoJiee BasKHBIX IJ10-
OampHBIX TPOOJIEM COBPEMEHHOCTH. XOTA 3Ta CIOXKHAS MEKIUCIHILIMHAPHAS
npobieMa yxe JaBHO 3aHHMaeT yMbl (pruiocooB U yUYEHBIX, TOCTATOUHO 3 dek-
THUBHBIX CIIOCOOOB ee pemeHust He papadboraHo. OHa U3 MPUYUH STOTO — HEIO-
CTaTOYHOE HCIOJIb30BaHME METO/a CHCTEMHOro aHanu3a. [lombpITka BOCIOIHUTH
3TOT POOET COCTABIISAET HAITY LIENb

Matepuansl U MeTOAbI; pe3yJbTaTbl. CHCTEMHBIN aHAIN3 BO3MOXXHOCTH
YCTPaHEHMs SKOJIOTUYECKOW OMAacCHOCTH MPENOoaraeT y4eT TpeX YCIOBHI: Kyib-
TypHO-MHPOBO33PEHYECKAX OCHOBAHWH, COIIMATBHO-TIOIMTUYECKAX YCIOBHH U TEX-
HOJIOTHYECKHX cpelcTB. [lepBoe U3 HUX MpPEACTABICHO BO3HUKAIOIIMMHE TI00AUCT-
CKUM MEHTAUTETOM M OKOJOTHUYeCKOM »5TkoM [1]. T'maBHBIH KOMIIOHEHT
rII00AMCTCKOTO MEHTAJIMTETa — YyBCTBO TJIO0ATFHOCTH M OOIIEYeI0BEYECKOi Co-
munapHocTd. Mnero rimobaimcrckoro MeHtanuTera Bbickasan B.W. Bepnaackwid:
«YenoBek BIIEPBBIE PEAbHO TOHSJI, YTO OH JKUTeNb [ lmaHeTsr. OH MOXET U JOJKEH
MBICJIMTh HE TOJIBKO B acleKTe OTAEIbHOM JIMYHOCTH, CEMBH WU POJia, TOCyAapcTBa
WM UX COK30B, HO M B IUIAHETAPHOM acriekTe» [2, c¢. 24]. BaxXxHbIM KOMIIOHEHTOM
TJI00ATMCTCKOTO MEHTAJINTETA CIYKUT YMEPEHHOCTh B TOTPEOICHNN MaTepHUATbHBIX
Omar W yciyr, 4To THpennonaract OOJBLION YAENbHBI Bec IO3HABATENIHHO-
ACTETHUYECKUX TMOTPEOHOCTEH B CTPYKTYpPE MOTHBALMH JHYHOCTH. 32 CYET STOTO
B YEJIOBEUECKOM JEATENFHOCTH OyJeT MPOUCXOJHUThH MEepeopUeHTANus ¢ TOoTpede-
HUS Ha TBOPYECTBO. DKOJIOTHYECKask ITUKA — 3TO 3THKA pa3yMHOI0 CaMOOTpaHHve-
HUS TOTPEOICHIS MaTepHaIbHBIX OJar.
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B skomorndeckoii 3Tuke OONBIION peryIupyromei Cuitoi 001a1aloT MPUHIIH-
bl O11acoe06enue nepeo dcusnvio A. 1lIBeituepa u sxonocuueckuii umnepamug H.
H. Mouceesa, ycraHaBIMBarolie I'paHUIIbl T03BOJICHHON AEATENBHOCTH B OTHO-
IIeHNU Tpupojsl. Eciom mpeanonaraemass akTHBHOCTD TPO3UT KaTtacTpodoil, To oT
Hee HeoOX0AuMO oTKazaThes [3]. DKosornyeckuii MMIepaTuB — OTBET GpopMupy-
IOLIETocs TI00aIMCTCKOTO MEHTAIUTETa Ha YIpo3y OOLIEIIaHETHOM 3KOJIoruye-
ckoil katactpodsl. OH NPU3BaH OTPaHUYUTH ArPECCUBHOCTH OOIIECTBA MO OTHO-
HIEHHI0 K Tpupojie. BaxkHoe MecTO B 3KOJOTMYECKOH 3THKE 3aHMMAaeT IOHSATHE
K026010YUY, XapaKTEPU3YIOIee COBMECTHOE T'apPMOHMYHOE pPa3BUTHE OOILECTBA
U TIPUPOJIBL.

I'maBHBIM COLMATIBHO-TIONMTUYECKUM YCJIOBUEM PEIIEHHUS SKOJIOTHYECKON
npo06IeMbl CIYKUT HOATMHHOE HApPOAOBIACTHE, BTOPOE YCIOBUE — OObEANHEHHUE
YCHJIMHA BCEX CTpaH M TBEPIOE MEXKIyHApOIHOE 3aKOHOIATENbCTBO. DddeKTus-
HBIMH TEXHHYECKHMH CPEACTBAMHU NMPHU3HAHBI 0E30TXOAHAA TEXHOJOTHS U CO37a-
HHE yNpaBIsieMOl OMOTEXHOC(HEPhl — aHAJIOra rOMEoCTas3a B )KHBOM OpraHU3MeE.

3akioyenne. [1ockonbKy nepBoe U3 TPEX OXapaKTEePU30BAHHBIX YCIOBUI —
9KOJIOTUYECKas ITUKA U TI0OATUCTCKUM MEHTAJIUTET — PETYJIUpPYyeT BCE BUIBI Ue-
JIOBEUECKOW aKTHBHOCTH, TO OHO SIBJSIETCSA ONPEAEISIONIMM MPH PEIIEHUH 3KOJI0-
rIYecKoi mpobiemsl. 3To TpeOyeT nanpHele pa3paboTKi 1 IpomaraHabl IpyH-
[UIIOB JKOJOTWYECKOM STHKM M TJIOOAIMCTCKOTO MeHTanutera. [ 'ymanuTapuu
JIOJDKHBI TT0Ka3aTh HACEJICHUIO MJIAHETHI, YTO IKOJIOrHyYecKas npoliemMa B IEPBYIO
ouepesb [OPOXKIEeHa HECOOTBETCTBUEM MOPAJIM, MEHTAJIUTETA U OBEJCHUS JIIOJIEH
MOJIO’KEHUSIM 3KOJIOTMUECKOT0o MMIiepaTuBa. HezaMeHnMyo poiib B 3TOM CHITpaceT
COBEPIIICHCTBOBAHHUE CUCTEMBI IIKOJIBHOTO M BY30BCKOTO 00pa30BaHMs.

CnuUcoK UCTOUYHUKOB
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Annomayusn. B pabome uccinedyemcs 603MOICHOCNG CO30AHUS JCECMO8020 unmepgelica
VAPAGIeHUst MOOUTbHBIM NPUTOICEHUEM, 8 KOMOPOM NOCPEOCMBOM 3ePKAIbHO20 omobpa-
HCEHUS OBUIMCEHUT] PEAbHOU KUCIU PYKU NPOUCXOOUM 83aUMOOCLICIBUE ee SUPIMYATbHO
Konuu, npedcmasnennoi ¢ eude 3D-mooenu, ¢ obvexmamu cyenvl 8 pexlcume peaibHO20
spemenu. Paspaboman npomomun ungopmayuonnoii cucmemsl, sKuouanowell ¢ cebsa mo-
OyIb 3aX6ama 6UOEONOMOKA U PACHO3HABAHUA KIIOYESbIX MOUEeK KOHeYHOCHU, NOcpeo-
cmeom Komopoll evinonHAsemcs ynpaenenue ee 3D-omobpadicenuem u upmyanbHuIMu
obvexmamu cyensvl. I[Ipogedeno mecmuposanue npomomuna Ha KOppeKmHOCms pacho3na-
8aHUA JCECO8 U MOYHOCTb UX CUHXPOHUBAYUU MENCOY OBUICEHUAMU 6 PEAbHOM U GUD-
MYanbHOM NPOCMPaHcmee.

Knrouesvte cnosa: scecmosviii unmepgetic, MOOUTbHOE NPUNOJICEHIUE, KOMNbIOMEPHOe 3pe-
Hue, pacnosnasanue dsudxceruil, 3D-woderuposanue, MQTT

Beenenue. PazButue TeXHOJIOTHI MOOMIBHON Pa3paOOTKU M MHTEPAKTHUBHBIX MH-
TepelicoB co3/1aeT HOBBIE BOSMOKHOCTH JUISi B3aWMOJCHCTBUS YeIOBEKa C pas-
JUYHBIMUA TUIIAMH YCTPOMCTB, YTO 00YCIAaBIMBAET aKTYILHOCTh JIAHHOW paboThI
B BHUJly POCTa MHTEpeca K MPUMEHEHUIO Ha TMPAKTHUKE JKECTOBBIX MHTEP(EHCOB, B
TOM YHCIIE JUIS MPUIOKECHUH MOOWIIBHBIX yCTPOMCTB, TUIAHIIETOB U WHTEPAKTHB-
HBIX KHOCKOB. JlaHHasi paboTa MOCBSIIEHA MMOUCKY ONTUMAJIBHOTO CTeKa TEXHOJO-
THI ¥ MCCIICIOBAHUIO BO3MOXKHOCTH Pa3padOTKH MPOTOTHIIA KECTOBOTO MOOMIIB-
Horo uHTepdeiica nox miardpopmy Android, obecreunBarOIEro OTCICKUBAHUE
JBIDKCHUI KUCTH PYKH B PEKUME PEAIbHOTO BPEMEHHU.

MarepuaJibl, MeTObI M Pe3yJbTaThl. 3aXBaT U PACIIO3HABAHHE IBHIKECHHN
KHCTH PYKH B PEKHUME PeanbHOr0 BpEMEHU B pa3paboTaHHOM 00pasiie MpOTOTHIIA
MH()OPMAITMOHHON cHUCTEMBI oOecniedeHns (HyHKIIMOHUPOBAHUS )KECTOBOTO MHTEP-
¢eiica peaxH3oBaH C TOMOIIBIO TAKUX TEXHOJIOTUI KOMITBIOTEPHOTO 3pEHUs, KaK
MediaPipe [1] u OpenCV. Ilepenaya naHHBIX MEXIy MPHIOKCHUEM 3aXBara
OIIOPHBIX TOYEK KOHEYHOCTH, PEaJTM30BAHHOM Ha S3BIKE IMPOTrPaMMHUPOBAHUS
Python, 1 MOOMIIBHBIM MPHUJIOKEHUEM OCYIIECTBISIECTCS MOCPEICTBOM IMPOTOKOJIA
MQTT B ¢popmare JSON [2]. Buzyanuzauust 3D-mojeneil KUCTH PYKH M BUPTY-
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QTBbHBIX OOBEKTOB B MOOMJIBHOM IMPUIJIOKEHHH BBINOJHEHA C MOMOIIBIO MaKeTa
ditredi ¢peiimBopka Flutter [3]. B pesynbsTare paboThl OBIT MPOBEAEH PST IPOBE-
POK paboTOCIIOCOOHOCTH pa3paboTaHHON MH(POPMAIIMOHHOW CHCTEMBbI, BKIFOYAIO-
IIMX KOHTPOJIb TOYHOCTH OTCJICKUBAHUS Mepenadn MeTanH(QOpMalny XapakTepu-
3yrolIeil MONOKEHNEe KUCTH PYKH M3 PEalbHOTO MPOCTPAHCTBA B BHUPTYalbHOE
HPOCTPAHCTBO MOOUIIBHOTO MPUIIOKEHHUSI.

3akiouenne. Pe3yiapraToM paboOTHl CTal MPOTOTHI MH()OPMAIIMOHHOW CHU-
cTeMbl obecrieueHus QyHKIIMOHUPOBAHHS JKECTOBOTrO HHTepdeiica Iuisi MOOMITBHBIX
YCTPOWCTB, pa3zpaboraHubix moj miardpopmy Android, criocobHOTro B pexume pe-
AITbHOT'O BPEMCHH PACIIO3HABATH JBHKCHUS KHCTU PYKHU, BEIYUCISITh YIIIbI TOBOPO-
Ta U cruba nanbleB, BU3yann3upoBatb 3D-Mozenb KUCTH PYKH, 36pKajJbHO HOBTO-
pAs IBHXKEHUS — PEAIBHOM, a TAKXKE YIPaBJIATh BUPTYaJIbHBIMU IIpEAMETaAMHU
BHYTpU MOOWIIBHOTO TMpuiioxeHus. JlanpHeifliiee pa3BUTHE MPOTOTHUIIA MOXKET
HaWTH IIPUMCHCHUC B OGy‘IaIOHH/IX U MCIUIUHCKUX CUMYJIATOPAX, TpCHAXEpax IJid
peaduIUTalM KOHEYHOCTEH, UTPOBBIX NPHIOKEHUSX M CUCTEMaxX BUPTYaJbHOM
U JIOTIOJIHEHHOW PEabHOCTH, a TaKXkKe UIsl CO3JaHHsi MOOWIIBHBIX CHCTEM pPacIio-
3HaBaHUA pa3JINYHBIX )KCCTOBBIX A3bIKOB.

CruUCcoK UCTOYHUKOB
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Annomayusn. B pabome paccmampugaemcsi npodiema cmanoeieHus U pa3eumusi K0102uU-
YeCK020 MUPOBO33PEHUS. CIYOCHMO8 8 KOHMEKCMe COBPEMEHHON 00pa308ameibHOU CPeobl.
Packpeimue cywnocmuuix xapakmepucmuk 2moi npodiemvl C653aHO ¢ U3YUEHUEM NPUUUH
U npeoodosieHuem NocieoCmsull 2100aIbHO20 IKOI0SUHECKo20 Kpusuca. Axmyanuzayus
Heobxooumocmu paspabdomxu OaHHOU NPodIeMbl ONPeOeisiemcs CO30aHUeM HOBOU IKOL0-
2UHeCKU OPUEHMUPOBAHHOU NAPAOUSMbL YUSUTUZAYUOHHO20 PAZEGUMUSL.

Knioueswvle cnoga:. sxonocuveckoe Mupososspenue cmyoenmos, TUUHOCIb, OKPYHCAIouasl
cpeda, obpazosamenvbHas cpeda, meopus U Memoooio2usl

Brenenne. @opmupoBaHue 3KOJIOTMYSCKOTO MUPOBO33PCHUS JIFOCH, B TOM YHUCIIE
CTY/ICHTOB, TIPOUCXOIUT B UX MOCTOSIHHOM B3aMMOJICHCTBUH C OKPYKAIOIIeil cpemoi
[1]. B mporecce 3TOr0 B3aMMOIEHWCTBHS HAOIIOMAIOTCS JBYCTOPOHHHE BIIMSHUS,
BBI3BaHHBIC, C OJJHOW CTOPOHBI, BO3/ICHCTBHEM YETOBEKAa HA BHEIIHIOW CPEAy MO
BIIUSHUEM €ro JICATEIIbHOCTH, & C JAPYroi — W3MCHEHHSAMH CaMOro YelloBeKa MOJ
BIIMSHUEM cpelbl. B pesynbrare 3TOoro B3ammopeicTBus odopmiseTcs ocobast pe-
ATBHOCTh, B KOTOPO# MPECTaBICHBI COIMOKYILTYPHBIC, MOTHBAITHOHHBIC, TIO3HABA-
TEeNbHBIE KOMITOHEHTHI COIMAIBLHOM Cpeasl. TeM caMbIM, cpefia MpeaonpeaesseT THIT
M BO3MOYKHOCTH Pa3BUTHS 4ejOBeKa. BMecTe ¢ TeM IyTh 3TOTO Pa3BUTHS JUTS Kak-
JIOTO YeJIOBeKa UH/IMBUAYaJICH, HEMIOBTOPHUM, 3aBUCHT OT MHOTHX JIPYTHX (DaKTOPOB.

MeTobl U MaTepHaJIbl, Pe3yJibTaThl. AHAIN3 CPEIbl TPUBOIUT K TAKOMY
MEPCIIEKTUBHOMY HAIPABICHUIO MCCICIOBAHUHN, TpeOYIOMIeMy pa3BUTHS B TeOpe-
THYECKOM M SMIIMPUYECKOM IUTaHaxX, Kak oOpasoBaTeiibHas cpeaa. KynbTypHo-
HUCTOPUYECKUE U TEOPETUKO-METOI0JIOTHYCCKHE MPEINOCHUIKH BhIACICHUS 00pa-
30BaTEIbHON CpEZIbl B CAMOCTOSITENBHYIO KOHIICIIIMIO HAKOIUICHBI B KOHTEKCTE
TICUXOJIOTUYECKHX, MEAarOrHIeCKux, PUIOCO(YCKUX, OUOIIOTUIECKHX, COLUOJIOTH-
YECKHX, ICTOPHUYCCKUX MCCIICOBAHIM, CBA3aHHBIX C MPOOIeMaMu Mearornyecko-
IO CONPOBOXKICHHS Pa3BUTHS CTYJCHTOB U POJIH B HEM cpesl [2].

OpHako pemieHre mpoOsieMbl (OPMHPOBAHHS IKOJIOTHYECKOTO MHUPOBO33pe-
HUSI CTYJICHTOB B KOHTEKCTE COBPEMEHHOI 00pa3oBaTeIbHON CPE/Ibl MPEAoaracT
BBIPAOOTKY METOIOJIOTHH W KOHIEMIINH, OCHOBAHHBIX Ha HAYYHO-IOCTOBEPHBIX
M OKCIEPUMEHTAIBHO MPOBEPEHHBIX JAHHBIX O MEXaHHU3Max, 3aKOHOMEPHOCTSX,
MpUHIMIAX aHaju3a B3aMMOOTHOIIEHUN M B3aUMOJIEHCTBHUM CTYJEHTOB B Cpefie
U cO cpefioi. Psiyt acriekToB 00pa3oBaTenbHON CPe/ibl MOy HaydyHOe 000CHOBA-
HHE B TPy/JlaX OT€YECTBEHHBIX HCClenoBaTesei [3].
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Mexly TeM MHOTHE Ba)KHBIE acIeKThl JaHHOM MPOOJIEMBI TIOKa OCTAIOTCS He-
PEILICHHBIMU WM PEIICHHBIMUA He O KOHIA. B wacTHOCTH, MOKa He pa3paboTaHbI
eMHbIEe OOLIETPUHATBHIE TEOPETUKO-METOAO0NIOTHUECKUE MPEANOCHUIKH MO3HAHMS,
WCCIIEIOBAHUS, MOJICIUPOBAHMS, MPOCKTHPOBAHMS M DKCIIEPTU3bI 00pa3oBaTelb-
HOU cpenpl. HeT ogHO3HAYHOrO pelIeHUs] TaKuX MpoOJeM: Kakol JOIKHA OBITH
«PYKOTBOpHasi» o0Opa3zoBaTenbHasi Cpeia, KakoBa JOJDKHA OBITh KOHEYHas IIeyb
pa3BUTHSA, KAKOB MOXET OBITh KyMYJIATUBHBIN 3 dekT paszsutus. Kpome Toro, Her
PELLIEeHUS U TAKUX MPOOJIEM: KaKoBbl (PYHKIIMH yYaCTHUKOB IIpOIecca, B TOM YHCIIe
W Tiearora, Kakue (QYHKIUH MOXET W JIOJDKEH BBITIOJIHUTH KOMMYHHUKATHBHBIH
KOMITOHEHT 00pa30BaTeNIbHON Cpelibl, KaKOe BIMSHUE OKA3bIBACT THUI B3aUMOJCH-
CTBHS Ha TIporiecc (OpMHPOBAHUS M PA3BUTHS SKOJIOTHMYECKOTO MHPOBO33PEHUS
CTyAeHTOB. [IpofomKaroTcss AUCKYCCUU MO JaHHBIM M OJIM3KAM MM HpoOieMam.
HepemeHHOCTD yKa3aHHBIX MPOOJIEM HETATHBHO CKa3bIBACTCS HAa MPAKTHKE PabOTHI
B By3e. HaOmomaercs HekoTopas OJHOCTOPOHHOCTH, OZHOOOKOCTh HMEIOIIMXCS
IPOrpaMM IMOJTOTOBKHU CIIEIMAIMCTOB B CTOPOHY Pa3BUTHS JIMIIb OAHOW CTOPOHEI
JUYHOCTH CTYJCHTOB, B OOJBIIEHl CTENEHHM HX MO3HABATEILHOH AaKTUBHOCTH
B yuiep0 UX MHIUBHYaTH3aLUHN U COLATH3aLINH.

3akiiouenue. [Ipu onpeneneHHON YCHEUIHOCTH HCCIIEAOBAaHUMN, CBSI3aHHBIX
C yKa3aHHOH NpoOIeMoli, OKOHUATEIbHOE €€ PEeIICHHE MPEAroaraeT pa3paboTky
COOTBETCTBYIOIICH TEOPUH U METOJOJOTHHU. [Ipr 5TOM OAHOBpEMEHHO HEOOXOH-
MO c(hopMyITPOBATH TEOPETUKO-METOIOJIOTHIECKUE OCHOBEI (DOPMUPOBAHHS KO-
JIOTUYECKOTO MHPOBO33PEHHSI CTYJICHTOB B KOHTEKCTE€ COBPEMEHHOI o0pa3oBa-
TEJILHOW cpenpl. Peanmsanust JaHHOrO TOAXOJa BO3MOXKHA JIMIIbL B PaMKax
UHTEPIUCIUTUIMHAPHOCTH C UCIIOJIb30BAHUEM KOHIIETITYa bHOW CTPYKTYpBI, KaTe-
TOPHAIBHOTO anmapara 1 METOIOJIOTHH Pa3IMYHbIX HAYK.

CrucoK UCTOYHUKOB
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Annomauyun. Paspabomanvl sxonocuuecku be38peoHvle MemoOUuKu 31eKmpoau3a 600HbIX
CYCReH3ull U3 UIMEeNbUYEHHbIX OPEBECHbIX OMX0008, NO36OAAIOWUE 8 eOUHOM Npoyecce npu
SHAUUMENbHOU IKOHOMUU IHEP2O3AMPAM NOYYAMb 80JOKHA ONMUYECKU NPO3PAYHOU Ye-
JIONI03bL, AKKYMYAUPOBAHHDBLIL 6 MEXAHUYECKU NPOUHble KANCYavl 8000p00 015 ANbMepHa-
MUBHOU dHEPLeMUKU U XUMUYECKUX MEXHON02Ull, a MAKHCe MUKPOKPUCTANTbL BAHUTUHA U
Penonos ona Kyaunapuu u apmayesmuxu.

Knrouesvie cnosa:. sxonocus, yeunono3a, 6000pOOHAsL IHEPeemMUKd, cOepedxceHue 1ecos,
Qusuonozus pacmenuil, SAeKMpoU3

BBenenue. Pemenue 3xoyormueckoil MpoOIeMbI MTOBCEMECTHOH 3aMEHBI IUIOXO
YTHIIM3APYEMBIX CHHTCTUYECKUX TMOJMMEPOB 3KOJIOTHYHBIMU H3JCIHSIMH M3 OHO-
COBMECTHMOM IIEJUTIOJIO3BI CO3/IaeT HE MEHEee OCTPYIO IKOJOTHYECKYIO MpodiieMy
paguKaIbHOTO M3MEHEHUS JACHCTBYIONICH TEXHOJOTHU ee mpou3BojicTBa. Ceitvac
MOYTH BCS IEJUTION03a TIPOU3BOIUTCS U3 U3MEIIbUCHHON IpeBecrHbI (T0IydYaeMoit
MaccoBOW BBIPYOKOI JIECOB) €€ BhIBAPMBAHHWEM B TOKCHYHBIX BOJIHBIX PacTBOpax,
HAHOCSIIMX CEPBE3HBINM BpeA U OKpYXKarolleil MECTHOCTH, U TPYHTOBBIM BOJaM.
Hamu 6b1mo ob6Hapyxeno [1, 2], 94To mpeBecHBIE KOMIIOHEHTHI C 3alOIHEHHBIMH
BOJOM MMKPOKANWLIAPaMHU IPOSBISIOT BBICOKYIO 3JIEKTPUYECKYH) AKTHBHOCTh
B BHJIC aHOMAJIBHO OOJBIINX MBE303JIEKTPHUECKUX KOIPPHUIIMEHTOB, OBICTPHIX ITe-
PEKIIIOUEHUH 3JIEKTPOCONPOTUBIICHUS IPY BHEIIHUX BO3JEHCTBUSX, BBICOKOM CKO-
POCTH JABWXKCHHSI AIIEKTPOCUTHAJIOB BIOJb KamWULIpoB W T. 1. Ha ocHoBe 3TuX
HaAOIIOJICHUIA ¥ JAHHBIX O CTPYKTYPHBIX M DIIEKTPHUECKUX OCOOCHHOCTAX MOJICKY-
JISIPHBIX CJTIOEB BOJBI HA TPaHWIAX B TBEPABIX cpenax [3] ObutH pa3paboTaHbl KO-
JIOTUYHBIC U SKOHOMUYHBIC METOIUKH MOTyYCHHUS IEJUTION03bI M Bogopoa [4, 5].
Metoabl M MaTepHaJbl; pe3yJbTaThbl. M3ydancs 31eKTpoau3 cycneH3ni u3
BOJIbI ¥ U3MEITBLUCHHBIX JIPEBECHBIX OTXOJM0B (OMHIIOK, CTPYXKEK, MIETMOK). B mossix
nopsizka 100 B/cM 32 MUHYTHBIC BpeMeHa Ha MMOBEPXHOCTH CYCIIEH3UH BO3HHUKAJIA
MeHa W3 MEXaHMYECKH MPOYHBIX ITy3bIPHKOB, a BHYTPH HaOI0IANI0CH (POPMUPOBa-
HHE ONTHUYECKH MPO3PAYHBIX BOJOKOH Ie/uttoiio3bl [4, 5]. Tlo Mepe BBICHIXaHHS
pacTBopa, OCTaBIIETOCS TMOCIE OTACICHHS TMEHBI M LEJUTION036I, (POPMHUPOBAIUCH
MUKPOKPUCTAJUTMTHI BaHWIUHA U (peHonoB. [leHa ocraBanachk B CTaOMIIEHOM COCTO-
SIHUM JECATKU MHUHYT, HO IpPHU BO3AECUCTBUM 3JIEKTPUUECKOM HCKpPBI B3phIBANACH,
3a JIONM CEKYHBI 3aIOJIHSS TIPOJYKTaMH B3PbIBA MHOTOKPATHO YBEITUYEHHBIH 00b-
eM. Takoe moBejieHHE MEHbI OOBSCHIETCS HAKOIUIGHHMEM roprovero rasa (ckopee
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BCEr0 — BOJIOPOAa) B 000JIOYKAX M3 OPraHUYECKUX MOJIEKYJ, paHee (Gopmupo-
BaBIIMX MeMOpaHBI KJIETOK U JIMTHUH. COMOCTaBIeHUE ¢ TPAIUIIMOHHBIMUA TEXHO-
JIOTHSIMHU BBIBAPUBAHUS JPEBECHOM MyJbIIBI M 3JIEKTPOJIM3a BOJBI SHEPro3aTpaT Ha
HOJIy4YeHUEe TaKuM 00pa30M LEJUIKJIO3bl U BOAOPOJA IOKAa3blBaeT, YTO B HalleM
Cllydyae OHM MEHbBILIE B HECKOJIBKO pa3. DTO OOBACHIETCS TEM, YTO PAacTBOPEHHE
CBSI3BIBAIOLIETO LIEJJIF0JIO3Y JUTHUHA NIPH IEHCTBUH AIIEKTPUYECKOTro 10JIs Ha Ipa-
HUILY BOJBI M KaWJIJISIPHOM CTEHKH 3HAYUTEIHHO 00JIeryaeTcsl pa3opueHTHPOBKOM
MOJIEKYJ BOJIBI, IEPBOHAYAILHO 3aKPEIICHHBIX Ha 3TOM rpaHuue. A pacTBOpPEHHUE
JIMTHUHA, UCXOJHO COJEPXKaIIero OOJIBIIOE KOJWYECTBO CBS3aHHOI'O BOAOPOJA,
B CBOIO OYepelb 3HAUUTEIHHO YBEIMUYNBACT IPOU3BOJUTEIBHOCTE 110 BOAOPOLY.

3axsmouenue. CoBmectHbie pa3padotku MOTT PAH u M® MI'TY um. H.D. bay-
MaHa II0 3JE€KTPOJIHU3Y IPEBECHBIX OTXOI0B 3aMETHO YJIyUIIAIOT SKOJOTHIO IIPOM3-
BOJICTBA LICJUTIONO3b] YCTPAHEHHEM BapKH JAPEBECHON MYJIbIIBI B TOKCUYHBIX XHMHU-
Karax, OTKa3a OT BBIPYOKH JIECOB M OJKOHOMHH DJIEKTPOIHEPTHH, a TaKKe
NapajuieIbHOr0 3KOHOMUYHOTO MPOM3BOICTBA M aKKYMYJIMPOBAaHUS BOJOPOJIA IS
IBTEPHATUBHONW 3HEPIeTUKH, COIPOBOXKAAEMOIO IOJYyYEHHEM BOCTPEOOBAHHBIX
KyJWHapuen U papMalneBTHKON BaHWIINHA U ()CHOIIOB.

CruUCcoK UCTOYHUKOB

[1] Sanaev V.G., Gorbacheva G.A., Gakin V.P., Klassen N.V., Vinokurov S.A. Prospects for using
unique physicochemical properties of plants and their ability for self-regeneration in space. AIP
Conf. Proc., 2019, vol. 2171, pp. 180002-1-180002-7. https://doi.or g/10.1063/1.5133343

[2] Jimenes-Angeles F. et al. Nonreciprocal interactions induced by water in confinement. Phys.
Rev. Research, 2020, vol. 2, art. no. 043244. https://doi.org/10.1103/PhisRevResearch.2.043244

[3] Vinokurov S.A., Tsebruk I.S., Betenina T.D., Klassen N.V. Modulation of structure and optical
properties micro-fibrils of plants by means of electrical, deformation and optical treatments.
Journal of Physics C, Conference Series, 2020, vol. 1560, art. no. 012042.
https://doi.org/10.1088/1742-6596/1560/1/012042

[4] Kiaccen H.B., TonopkoBa A.A., T'opbayesa I'.A., CanaeB B.I'. Dkojorn4Hoe mojydeHHe 1en-
JIFOJIO3BI 3JICKTPOJIU30M JIPEBECHBIX OTXOJOB. Pyccxuil unoicenep: |l Beepoc. konepecc ¢ medic-
oynap. yu.. c6. mes. Mocksa, U3n-8o MI'TY um. H.D. baymana, 2024, c. 270-271.

[5] Kiaccen H.B., TomopkoBa A.A. DKOHOMHYHOE MOJy4YEHHE W aKKyMYJIHPOBaHHE BOJOPOAA
IJIEKTPOJIU30M PACTUTENBHBIX MaTepuaioB. Pycckuil undcenep: |l Beepoc. konepecc ¢ meancoy-
Hap. yu.. c6. me3. Mocksa, U3n-8o MI'TY um. H.D. Baymana, 2024, c. 268-269.



Pa30den 3. Pazgumue UHeHepHOo20 06pa308aHUS 309

YK 378.147

Me)XBy30BCKUI1 06pa3oBaTenbHbIN Knactep
KaK MHCTPYMEHT pa3BUTUA MHXXEHEPHOro 06pa3oBaHus

JNlanyHuoBa EneHa BsyecnaBoBHa' lev86@bmstu.ru
SPIN-kopa: 3500-4160

avuzto@yandex.ru
SPIN-kof: 3387-2576

benoseposa Onus MuxainosHa*"

"MITY um. H.3. BaymaHa, Mocksa, Poccus
2 UHcmumym kuHo u menesudeHus (FTUTP), Mockea, Poccus

Annomayusn. Paccmompen onvim cozdanust u pazeumusi Mescgyzoecko2o o6pazosameis-
HO20 KIACmepa, HanpaeileHHo20 Ha NOSblueHue Kearupurayuu npenodasamenei, 6Kuo4as
chepy undcenepnozo obpazoeanus. Ilpeocmagiensl 0CHOGHbIE HANPAGLEHUS 0eAMENbHO-
cmu Knacmepa, pazpabomia 00pa306amenbHbixX NPOSPAMM, PeAU3AYUs OYHBIX U OUCIAH-
YUOHHBIX POpM 0OYUEHUS, A MAKIHCE OPeAHU3AYUS 0OPAZOBAMENLHBIX MYPOS U IKCHEOUYUIL.
Ilokazano, umo OauHble MepoOnpusMUsL CROCOOCMBYION 0OMEHY ONbBIMOM, UHMESPayuu
APAKMUYECKUX 3HAHULL U YKPENJICHUIO NPOGQECCUOHANBHBIX CEA3Cl, YMO NOJONCUMENbHO
enusiem Ha Kauecmeo evicuie2o oopasosanus. Coenanvl 8b1600bl, UMO ONUCAHHLIL ONbLN
MODJICHO UCNONBb306AMb OISl OANbHENUE20 PA3GUMUS HAYUOHATLHOU CUCTEMbl NOGbIULEHUS
Keanupurayuu.

KnaioueBbie c10Ba: MEXBY30BCKUH 00pa3oBaTeNbHBIN KilacTep, MOBBIIICHNE
KBaJM(UKaK, UHKEHEpHOE oOpa3oBaHHe, 00pa3oBaTelbHBIE TYpbl, 00pa3oBa-
TEJIbHBIC SKCIICUITUH

Beenenne. CoBpeMeHHBIC BEI30BHI TPEOYIOT OOHOBIICHUS MOAXOA0B K MOITO-
TOBKE IperojaBareneil By30B, OCOOCHHO B MH)XEHEpHOU cdepe. MexBY30BCKHUI
00pa3oBaTesbHbIN KIIACTEP BBICTYIACT BAXKHOU TUIATGOPMOH JIJIsl IIOBBILIICHUS KBa-
nuduKanun ¥ npodecCHOHaIBHOr0 pocTa mpenoaaBaTeneid. [Ipoekt peanusyercs
¢ 2020 roga u 0ObEAMHSIECT BEAYIIUX CICIHATUCTOB U3 Oosiee yeM 20 By30B CTpa-
HBI, HalIPaBJICH Ha PacIpOCTPaHEHHE JIyYIINX METOAUK U MHHOBAIMH B O0YYEeHUH.

Metoapl M MaTepuaJibl, pe3yJbTaTbl. B pamkax kmactepa pa3zpaboTaHO
9 00pa3oBaTe/IbHBIX MPOrpaMM C OYHO-3a0YHON U JAMCTAHIIMOHHOM (QopMoi 00y-
YeHUs], pacCUMTaHHbIX Ha 72—256 akagemudeckux yacoB. LleneBas ayauropus —
ACMMPAaHThl, HAYMHAIOIME U OIBITHBIC NIPENOJaBaTEIN, OPUEHTHPOBAHHbIC HA WH-
HOBAIIMH U YKpeIuieHHe MpodecCHoHaIbHBIX cBsi3eil [2]. Ocoboe BHUMaHUE yens-
eTcs Pa3sBUTHIO MHKEHEPHOTO 00pa3oBaHUs, TI€ BBOISTCS COBPEMEHHBIE METO/BI
1 00pa3oBaTebHbIC TEXHOJIOTHH [1].

KnroueBbie MeponpusTHA BKIIIOUAIOT 00pa3oBaTeNbHbBIE TYPhl H SKCIESAULIUA —
MOE3KH B PErHOHBI C Pa3BUTHIMHM IPOMBIIIIEHHBIMA U HAYYHBIMH KOMIUIEKCAMH,
YTO TIO3BOJSIET MPENOAaBaTeIsIM BHJETh MPAKTHYECKOE TNPHUMEHEHHE 3HAHUH
W HaJlaXMBaTh MEKPETHOHANbHbIE KOHTAKThl. OOpa3oBaTeNbHBIE CECCHH COYETAIOT
JIETIOBY10, 00pa30BaTeNbHYI0 U KYJIBTYPHYIO MPOTrPaMMBI, YTO CIOCOOCTBYET KOM-
TUIEKCHOMY Pa3BUTHIO 1 OOMEHY OIIBITOM.
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Oo6cy:xaenue. Onbir Jluru Ipenoxasaresneit Boiciieit [kosbr [3] mokassiBa-
€T, YTO COYETaHHE OYHOTO U JUCTAHIIMOHHOTO 00yUYeHHS, a TaKKe MEKPETHOHAIb-
HOr0 OOMEHA OIBITOM, 3HAYUTEILHO MOBBIINIACT KBATU(PUKAIUIO TPEIOIaBaTeIICH.
B To xe Bpems HexBaTKa (PMHAHCHPOBAHUS M OTKa3 OT OYHBIX (HOpM OOydeHUs
OrpaHUYMBAIOT 0Opa3oBaTenbHBINH 3 dexT. Pesomouns Beepoccuiickoro ¢opyma
nperno/iaBareliei BhICIIEro 00pa3oBanus «AkajaeMudeckoe coobinectso 2024» [3]
MOMYSPKUBACT BaXKHOCTh OOMEHA OIBITOM M MHTEPAKTHBHOTO OOYuYEHUS, a TAKKe
npejyIaracT pa3BuBaTh MYJIbTHIIPOCKTHBIN MTOAXO/] K YIIPABJICHUIO KOMIICTCHIIUIMU
MperoiaBaTesie, YTO TOJTHOCTHIO COOTBETCTBYET KOHIEHIIMH MEKBY30BCKOTO
KJlactepa.

3akaouenne. Peamuzamus MexBy30BCKOT0 00pa3oBaTeNbHOTO KilacTepa To-
Ka3zaja YCHEIIHOCTh HMHTETpPalldil COBPEMEHHBIX 00pa30BaTENbHBIX TEXHOJIOTHIM
C MPaKTUYECKUM OINBITOM U MEXKPETHOHAIBHBIM COTPYAHHYECTBOM, YTO CYIIE-
CTBEHHO BIHMSET Ha KAUECTBO WHKCHEPHOTO 00pa3oBaHUs W TPOheCcCHOHAIBHOE
pa3BuTHE TpernoaaBateneld. PazpaboTaHHble IporpaMMbl U METOJBI MOXKHO PEKO-
MEH/IOBaTh IIJIsl MacIITaOMPOBAaHUS HA HAI[MOHAIBHOM YPOBHE C YYETOM HOpMa-
TUBHBIX U (HHAHCOBBIX 0COOCHHOCTEH.
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Annomauusa. Hckyccmeenuvlil UHMENIeKM NPespauiaemcs U3 paspo3HEHHbIX HPUTONHCEHUL
6 eOuHoe YHUUYUPOBAHHOE NPUTIONHCEHIE — UHMEIEKMYATbHYIO0 CUCIEMY, CHOCOOHYIO NOHU-
Mamb u ananuzuposams mup. Konyenyus «Hegozmooichotl eposimuocmu» npeononazaem o00b-
eounenue U30IUPOBAHHBIX NPUNONCEHUU U 6a3 OAHHBIX 8 UCKYCCHBEHHYIO CUHMEIUPYIOWYIO
U CIPYKMypupyiowyro Mampuyy 2100aivHozo pasyma. Mampuya npednasnavena ons ompaogice-
HUsL OUHAMUKU SIGTICHUSL PEAIbHO20 MUPA, MOOETUPOBANUsL NOMOK08 OAHHbIX, KOMOopble 0Cma-
10MCA penesanmHblMu, AKMYAIbHLIMU U CO2TACO8AHHBIMU C PA3GUBAIOWELICS PEATTbHOCHIBIO.

Knruesvie cnosa:. xonyenyus «Hee03MONCHOU 6epOAMHOCMU», UCKYCCMEEHHbII UHME-
qexm, enobanenvl MU, memoo oedykyuu, mampuya OUHAMUKYU

BBenenne. VckyccrBennbiii unreiuiekt (M) pasnuuaercst mo o0iacTé mpuMeHe-
HUS U QYHKIHMOHAJIBbHOMY Ha3HaudeHuto. [lepBelii Tu BKIrouyaeT B cedst cneundu-
yeckue (M), paspaboTaHHBIE M ONTHMH3WPOBAHHBIE U KOHKPETHON HAyKH,
JUCHMIIMHBI WM BHIA YeJOBEUeCKOH aesrenbHOCTH. OHM AEHCTBYIOT Y3KO
B paMKax CBOEro IpEeAMETa, MPUMEHSAS CHELUAIN3UPOBAHHBIE METOMOJOIMU U
HAOOPBI TAaHHBIX JUIS JOCTHXKCHUS PE3yJIbTaToB. BTOpO THI, — 3TO I100aIbHBIN
uckycctBeHHblil uHTELICKT (TMHN), QyHKIIMOHUPYIONIHIA BO BCEM CIEKTPE, AUCIIHU-
TUTMH W BUAOB JesTenbHOCTH. Llens co3manme u peanu3aius Ti00ambHOTO HCKYC-
CTBEHHOT'O MHTEIUIEKTa IpearoiaraeT pa3paboTKy METOJO0JIOTHYEeCKOro HHCTpY-
MEHTApHUs. TOITHOCTBIO ABTOMATU3HPOBAHHOM CHCTEMBI HAy4YHOIO IIOHMCKa,
pa3paboTaHHOM, BBHIMOTHAEMON W YNpPaBIIEMOW HCKYCCTBEHHBIM HHTEIUICKTOM.
Konnernmus «HeBo3M0OXKHO# BEpOSITHOCTH» CO3/]a€T YHHUBEPCATBHYIO CHCTEMY HC-
CJIE€IOBaHUN U NPUHATUS PEIIEHUIN, OCHOBAaHHYI0 HAa MCKYCCTBEHHOM MBIIUICHUU
Y aBTOHOMHOCTH B YIIPaBJICHUH JaHHBbIMH [1].

Metoabl 1 MaTepHaJbl; pe3yJabTaThl. ClieHUalIn3UPOBAHHBIN HCKYCCTBEHHBIN
MHTEIUIEKT (PYHKIMOHUPYET KaK CHCTeMa KiacCH(UKaIlMu W KaTeropu3alyH, OCHO-
BaHHas Ha 0a3e JaHHBIX KOHKpeTHo# obnactu (Hanpumep, UM B obmactu ¢usuky,
OIUPAIOIINIACS Ha 0a3y MAHHBIX dJIEMEHTApHBIX YacTull). MM npuMeHseT mporeccht
peMIMKalyuy A1 UMUTALUU PallMOHAIBHBIX YEIOBEUECKUX HAaBBIKOB M IMO3BOJIAET
UAEeHTU(HUIUPOBATh OOBEKTHI PEANBHOIO MHPA, ONPEAEIUB COOTBETCTBYIOLIYIO Ka-
TErOpHI0 B cBOeH 0aze NaHHBIX. Bech MUK — pacro3HaBaHHe, Kiaccu(UKaLUs
Y CO3/IaHHE KaTeropuu — MPOUCXOIUT aBTOHOMHO, caM 110 cede [2].

CriennanbHBI MCKYCCTBEHHBIM WHTEIUIEKT OTINYAETCS CIIOCOOHOCTHIO TE€HEe-
PHpOBaTh UCKYCCTBEHHBIE BBIBOBI IOCPEICTBOM NIOCTPOEHUS U aHAJIN3a MATPULIBIL.
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Marpunua GyHKIHOHHPYET Kak GOopMann30BaHHAs CTPYKTYpa, KOTOpasi OpraHu3yeT
(axTopbl, MOTYyYCHHBIE U3 IMIIMPUIECKUX M3MEpEHUl, coOupaeMble poOOTH3IUPO-
BAHHBIMU CEHCOPHBIMM YCTPOMCTBAMHU U CIIyTHUKaMH. PaKTOPBI NOAPA3AEISAIOTCS
Ha CyOBEKTHI, MIPEICTABIAIONINE MPSIMbIE KOJINYECTBEHHBIE H3MEPEHHUS U MapaMeT-
PBI, IPEICTABISIOIINE YACTOTY KOHKPETHBIX SIBIICHUI BO BpeMeHH [3)].

Crnenmanseeiii MU nenone3yeT mponeccs! perinKaluy UTsl BBISIBICHUS MaTe-
MaTHYECKUX B3aUMOCBsI3eH — OyJb TO CTOXacTHYECKHUE, IAOJIOHHBIE, KPHUIITOTpa-
¢duueckue, yKa3blBalolue Ha CMEIeHHe cpeid KOMOMHALU (akTopoB B MaTpuIle,
oOHapyXHBaeT 3aKOHOMEPHOCTH BHYTpPHU OTAENbHBIX (akTopoB. Korma takue B3a-
MMOCBSI3U BBISBIIIIOTCS, OHU IIEPBOHAYAIILHO PACcCMaTPHUBAIOTCSA KaK SMIIUpHUYE-
ckhe runore3bl. Ecim panuoHanbHas NpoBepKa MOATBEP)KAAET THUIOTE3Y, OHA
(dopmanu3yeTcs Kak pamnyoOHalbHAas THIOTE3a W HMCIONB3YeTCs Ui MOCTPOCHHUS
€VHON BUpPTyalbHOW Monenu. Mojienb MHTErpuUpyeTcs B KOMIUIEKCHYIO BHUPTY-
AITBHYIO0 MOJIENIb 00BEeINHSS BCE MMPOBEPEHHBIE OTAEIHHBIE MOAEIH ISl IIPEICTaB-
JICHUSI TOJTHOTO COCTOSIHMSI 3HAaHUHM cucTemMe. JTO JOMOJHEHHE pacCMaTpHBaeTCs
KaK aBTOMAaTHYecKas pPEIUIMKalusl KOMIIIEKCHONW MOZENH, YTO IONOJHHUTENBHO
YCOBEpPUICHCTBYET U PACIIUPUT €€ 0OBACHUTENBHYIO crtocoOHOCTh. [Ipomecc mo-
HOCTBIO aBTOHOMEH M He TpeOyeT YeI0BEYeCKOro KOHTPOJIS.

3akiouenue. Pe3ynbraTel KoHIENINH «HEBO3MOXKHOW BEPOSTHOCTHY TIPE/I-
CTaBISIOT COOOW Ba)KHBIH HIAar HAa MyTH K MOCTPOCHUIO [J100aIbHOTO HCKYCCTBEH-
HOT'0 MHTEJUIEKTa, CIOCOOHOTO MCCIeN0BaTh, IPUHUMATh PELICHHUS, NCKYCCTBEHHO
MBICJIUTD U YIIPABJIATS.
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Annomayun. Paccmompenvt npumepsl 63aumo0eticmeus noopasoeneHull 8ysa u cmyoeH-
MO8 ¢ UHBANUOHOCMBIO U HOPMOMUNUYHBIX CIYOEHMOs8, noomeepicoaouue Ippexmug-
HOCMb (POPMUPOBAHLUSL UHKTTIOZUBHOU KYIBIYPbl COGMECMHIMU PECYPCaMu U YCUTUIMU.

Kniouegvie cnosa. unxniosusnoe obpasosanue, cmyoeHmsl ¢ UHBATUOHOCIbIO, 0cobble 00-
pazosamenvhvle NOMPeOHOCMU, COYUATU3AYUS UHBATUO08, UHKTIOZUGHAS KYIbMypd, UH-
KIIO3UBHAS Cpedd

Beenenue. AKTyanbHOCTh TEMBI HCCIIEIOBaHMs OOYCJOBJIEHA, IMPEXAE BCETO,
(GopMHUpOBaHHEM TpEHIa HA paclIMpPEeHHE MOHWMAaHUS TEPMHHOB «HHKIIIO3WBHAS
CpeAa» U «MHKIIO3MBHAS KyJIbTypa». Ha mepBoHadanbHBIX dTanax CTPOUTENbCTBA
MHKJIIO3UBHOM Cpelibl B By3ax, JCHCTBUTENBHO, OONBLIYI0 3HAUMMOCTh UMEINH ap-
XUTEKTYPHBIE, TEXHHUECKHE, METOJANYEcKUe acrekThl. OJHAKO Ha COBPEMEHHOM
JTare BCE Yalle roBOPAT 00 MHKIIIO3MU B By3€ B KOHTEKCTE PACIIMPEHHUS! BOBIIE-
YEHHOCTH CTyAeHTOB. CTOMT OTMETHTH, YTO PACIIUPEHHE Yy4YacTHS CTYICHTOB
HEBO3MOXKHO 0€3 JIOMOJIHUTEIBHON MOAICPKKH, MOTHBAIIMU CO CTOPOHBI By3a —
aJMUHHUCTPAaTUBHOTO ammapara, [pogeccoOpcKo-IpenoaaBaTeIbCKOro COCTaBa,
teioTopoB [1, 2]. PYIH wum. Ilarpuca JlymymOBl SIBISCTCS OJHHUM H3 BY30B,
YCIEHHO OnMpoOOBaBIIMX M PEAIM30BABIIMX Pa3Hble (OpPMATBHl B3aUMOICHUCTBUS
MEXTy By30M U CTYACHTaMH C HHBAJIHIHOCTBIO U Oe3 Hee.

MeTtoas! u pe3yasbTarsl. C 1ebl0 ONpeeNeHUs] pealibHOW KapTHHBI GopMu-
POBaHUS MHKIIIO3UBHOM KYJIBTYPBI CPEU CTYIEHTOB M NperoJaBaTeieid py coaei-
CTBMH CTYJCHTOB-COLIMOJI0r0B B 2025 I. MBI MOATOTOBHIM M MPOBEIH onpoc «H-
KJTIO3MBHAs KyJbTypa B yHuBepcutere (Compmosornueckoe uccienosanue PYJIH)»,
B KOTOpPOM IpuHsM y4yactue 150 pecrioHIeHTOB U3 YHcia 00yYarommXcs ¥ Ipeno-
naBateneil. MccnenoBanue mokasaio, 4to 67 % onpoIieHHbIX PeryispHO CTaKHBA-
10Tca co cryaeHTamu ¢ OB3, npu Tom 56,67 % npusHaiuchk B OTCYTCTBUM 3HAHMH,
Kak BecTH ceOs B Takoi cutyarmu; 50 % cunTaroT, 4TO YHUBEPCUTETCKOE COOOIIIe-
CTBO HE 00NaiaeT HeoOXOIMMBIMU 3HAHUSIMU M PECYpCaMHy ISl peaii3allii HHKITIO-
3UBHBIX pakTUK. OCHOBHOH Gaphep Ha IyTH Pa3BUTHS MHKIIO3MH B YHHBEPCHUTETE,
o MHeHUuto 56,57 % pecroHIeHTOB, — HEJAO0CTATOYHASI OCBEJIOMIICHHOCTh O JKH3-
HU ¥ OCOOEHHOCTSX JIOJCH C MHBAJIMIHOCTBIO M CTENEHb MMOATOTOBKH HOPMOTH-
NUYHBIX CTYACHTOB JUISl B3aNMOACHCTBUS C JIMLIAMH IAHHOW KaTeropHH,

B KkadyecTBe OCHOBHOTO pelieHHs OOJBLUIMHCTBO oOmnpouieHHbIX (46,67 %)
IpeUIaraloT CHCTEMHYIO paboTy IO TOBBINICHUIO OCBegoMiIeHHOcTH. HambOosee
JIECTBEHHBIM MHCTPYMEHTOM JUISL 3TOTO TPU3HACTCS COUETaHUE JIMYHOTO OOIIIe-
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HUS C JIFOABMHU C MHBAIMIHOCTBIO Ul (DOPMHPOBAHUS SMIATUU U Pa3pyLICHHS
CTEPEOTHIIOB U TIPUBJICUCHUS SKCIIEPTOB AJIS MepeJauu MPaKTUIECKUX 3HAHHH.

IIpakTHyeckoe npumMeHenue. OnpeaenuB 3apoc HA Pa3BUTHE MHKIIO3UBHON
KyJBTYPbI, CIIEIUAIACTHI HAYYHO-00Pa30BaTEILHOTO IIEHTPa CIIEIUATBHOTO W UHKITIO-
3uBHOTO 0oOpasoBanus PY/IH npenioxuim HeCKONbKO (OpMaTOB, OCHOBBIBAIOIINXCS
Ha TPHHIIUIE TAHIEM “By3 — CTYICHTBI ». Tak, LIeHTp peryssipHO TPOBOIHT TAKHE
JIOCYTOBO-00pa3oBaTelibHbIe MEPOIPUSTHS KaK MHKIIIO3UBHBIC TPEHUHTH W KBECTHI-
MOTPY>KeHUsI B HO30JI0TMH. Ha Takux MepOoNpusITHSIX CTYAEHTHl C WHBAIUAHOCTBHIO
(otmen «CoONNECt») BBICTYIAIOT B KAUECTBE BEAYIIMX MM CO-BEAYIIMX MPHIJIAIICH-
HBIX OKCIEPTOB, M JEJIATCS CBOMM OIBITOM C OJHOKYPCHHKAaMH W CTyACHTaM-
BonoHTepaM. [lo uroram obpartHoit cBszu 3a 2024-2025 rr. cotpyanukamu LlenTtpa
ObLT pa3paboTaH Kypc MOBBIICHUS KBATH(PHUKAIMK 110 UHKIIO3UBHOMY BOJIOHTEPCTBY,
NPU3BaHHBIN YCTPAHUTH BHISBICHHBIE ASUILIUTHI U TOBBICHTH YPOBEHb KOMIIETECHIIMH.

[Ipu noanepxke pyKoBOJACTBa yHUBepcuTeTa LleHTp 1 y4eOHbIe nojpasene-
HUSI MIPOBOJST €XKETONHbINA «HKIIIO3UBHBIN NUKHUK». MeEpOnpHATHE C ydacTUEM
IIEPBOrO NMPOPEKTOpa MO3BOJISIET BECTH HPSAMON JUAJIOr CO CTyAEHTaMH AJIsl orepa-
TUBHOTO pEIICHHS UX BOIIPOCOB.

Kpome Toro, ciayx0bl YHHUBEpCHTETa €KETOJHO MPOBOAST MOHUTOPHHTH 00-
HIeKUTHH, yaeOHbIX KopmycoB, POK u ap. 00beKTOB, puBIIeKas K JaHHOM paboTe
CTYJICHTOB KaK C MHBAJIMIHOCTBIO, TaKk U Oe3 Hee (CTyAeHYecKHil pecypc — CTy-
JEHYECKHUE COBETHI OOIIECKHUTUIH, KOMUCCHH IO Ka4eCTBY 00pa30BaHUsl, BOJOHTEP-
CKHIi IIEHTP, COTPYTHUKU C HHBATUTHOCTBIO M3 YHCIIA CTYJICHTOB U BBIITYCKHUKOB).

Tpanuuuonusiii 111 PYJIH mmpokuil moaxoa K WHKIIO3UU pealu3yercs, B
TOM 4YHCIIe, Yepe3 Hay4HbIe CTyJeH4YecKHe Mepornpustus. KiroueBoe u3 HUX —
KOH(epeHIUs M0 MHKIIO3UBHOMY 00pa30BaHUIO B PaMKax €KEroJHbIH KOH(epeH-
muu o 1[YP4 (2022-2025 rr.). D10 miatdopma sl AUaiora MEKIy PasHBIMH
CTpaHaMH, OObEIUHSIIONIAS TTPEICTAaBUTENICH 3eMIISTIECTB By3a, KOMICCHH 10 pabo-
TE€ C MHOCTPAHHBIMH CTYJICHTaMU JUIsl M3Y4EHHsI MEXKIyHapOAHOTO onbITa [3].

3axmouenue. TaHgeM «By3 — CTYJIEHT» JIEMOHCTPHUPYET HAHOOJBIIYIO 3(h-
(eKTUBHOCTD TIpU (POPMHUPOBAHMY MHKIIFO3MBHOW CpeAbl B By3€. AJIMWUHHCTPATUB-
HBIE PECYpPCHI MO3BOJISIIOT HANIPABIIATH UICH, HHULMATUBBI CTYACHTOB B KOPPEKTHOE
pycio. B nanbHeiimeM aBTOpHI ITAHUPYIOT MPOBECTH MOBTOPHOE AHKETHPOBAHUE
PECHOHIICHTOB C LEIBbIO ONpPEIeICHUs BIUSHHS IPOBEICHHBIX MEPONPUATUI Ha W3-
MEHEHHS B MUPOBO33PEHHE CTYACHTOB.
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Annomayusn. Paccmompena Koppensiyus pe3yibmamos ejiceco0H020 KOPPEeKYUOHHO-
neodazocuteck020 MOHUMOPUHEA YPOBHSL NOO2OMOBKU AOUMYPUEHMO8 K 0OYUeHUI0 8 YHU-
sepcumeme u ux pezyabmamos EI'D. Bviasiena 3a6Ucumocms yposHs KOCHUMUBHBIX Oedu-
YUmos u yueOHvIX pe3ynbmanmos CmyoeHmos ¢ napyuweruem cayxa. Onucanvl gviaensemvle
60 8peMs mecmuposanus KoeHumugHvie oegpuyumol. Chopmynuposanvl nPeosodceHus no
OanvHeluiell UHOUBUOYATLHOU 00paA308amMenbHOl MPAaeKmopul CimyoeHmos, 6 3d8UCUMO-
cmu Om pe3ynLmamos.

Kniouesvie crosa. cmyoenmol ¢ HApyweHusmMu Ciyxd, yueOHvle pe3yibmamol, KOCHUMUG-
Hasl HA2pY3Kd, CLYX080€ 80CHpUsiImue, UHOUBUOYATbHASL 00PA308aMENbHASL MPAEKMOPUSL

BBenenue. JlnarHocTrika KOTHUTHBHBIX (DYHKIHH SIBISETCS HEOOXOIUMBIM KOM-
MOHEHTOM pPa3pabOTKH MEPCOHANU3UPOBAHHON TPaeKTOPUH 00pPa30BATEIBHOTO
npoiiecca CTYACHTOB C HapyIIEHHEM CIIyXa, TaK KakK IO3BOJISIET OLICHUTh HAMYUE
KOTHUTUBHBIX edexToB [1].

Metoabl U MaTepHaNbl;, pe3yJbTaThl. B HCClieIOBAaHUN MPHHSIM y4acTHE
42 cryneHTa C HapylleHHEM ciyxa. MOHHTOPHHT NPOBOAWIICS B YETHIpE dTama:
JIMATHOCTHKA CITyXa, TMarHOCTUKA YCTHOM M MHChMEHHOW pevH, JUArHOCTHUKA Ma-
TEMaTUYECKUX MPECTaBICHHH, peveBas ayIHOMETpPHSI.

CryneHThl OBLIM pa3/elieHbl Ha TPYTIBI B COOTBETCTBHU KBapTHJIBHOMY pas-
Maxy (mocuuTasl ¢ ucnonb3oBanueM SPSS) ux 6amios EI'D, a uMeHHO:

— CTyZICHTHI, HaOpagBIre 0ayutbl B muana3zone 0—217 6aos;

— CTYJICHTHI, HaOpagBIme 0ayutbl B uana3one 218254 6annos;

— CTYJICHTBI, HaOpagBIKe 0auibl B nuana3zone 255272 6aios.

[TepBas rpymmna 1eMOHCTPUPYET He3HAHNE 0A30BBIX MATEMATHYECKUX YMEHHIA,
HU3KHI YPOBEHb CIIyXOBOr0 BochpusiTus (pacrosHano mexee 50 % ciioB Ha aky-
METPHH), & TAK)KE KOJUYECTBO JIEKCUKO-CEMAHTHYECKUX OLIMOOK BBIIIE CPEIHETO
(pacnoznano 50-60% ciioB), HEyMEHHE BBICKA3aTh MBICIb, OOJIBIIOE KOJHMYECTBO
arpaMMaTH3MOB.

Bropas rpymnmna cTy1eHTOB AEMOHCTPUPYET CPETHUH YPOBEHb CIYXOBOTO BOC-
npusitust (pacrozaano 50-60 % ci10B), 10CTATOYHBIH YPOBEHb 0A30BBIX MaTeMaTH-
YeCKUX 3HAHWH, HAJTMUYUE HETOUHOCTEH B JIEKCUYECKO-CEMaHTHUECKUX CTPYKTYpax
SI3BIKA.
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Tperbst rpymnma JAeMOHCTPUPYET CPEIHUIM YPOBEHb CIIyXOBOI'O BOCIIPHUSTHS,
BBICOKHI ypOBEHb 0a30BbIX MaTEMaTHYECKHX 3HAHHH, HO BCE TaK)KE MPUCYTCTBY-
10T arpaMMaTH3Mbl U HETOYHOCTH B JIEKCHYECKO-CEMAHTHYECKUX CTPYKTYpax Si3bl-
K4, HCTOYHOCTH B BBICKA3BIBAHUU MBICJIEH.

Pe3ynbTaThl JHarHOCTHKH MEPBOM TPYIIIBI CTYACHTOB BBISBIISIOT KOMIUICKC
KOTHUTHBHBIX J€()HUIUTOB, TJ€ TEPBUYHBIM 3BEHOM SBIISETCS HApYIIEHHE CIYXO-
pEYEBOro BOCHPHUSITHS, YTO MPUBOIUT K CHCTEMHOMY HEIOPA3BUTHIO PEYH. ITO
NPOSIBIISIETCST B BBICOKOM YAaCTOTE JIEKCHKO-CEMAHTHUYECKUX OIIMOOK, TPYObIX
arpaMMmaTH3Max M Hec(hOPMHPOBAHHOCTH CBA3HOTIO BBICKasbiBaHus. HapymieHue
nepepaboTKH CIyXOBOM HH(MOPMAIMU U CIab0CTh A3BIKOBOM CHCTEMBI 00YCIIABIIH-
BAIOT BTOPUYHBIE TPYJHOCTH B OCBOEHHMH aKaJE€MHYECKHMX HABBIKOB, YTO CBS3aHO
C HEBO3MOKHOCTBIO aJIEKBATHO BOCIIPUHHMMATh W 00pabarhiBaTh BepOalbHbIE HH-
CTPYKIMH M yCJIOBHs 3aj1ad. [1oJydeHHbIe TaHHbIE YKA3bIBAIOT HAa HAaIM4YHe HEeoO-
XOJUMOCTH 00JIE€ TOYHOM MTPOBEPKH CTYIEHTOB JIJIsl BBISBIECHUS UX KOTHUTHBHOIO
cratyca u 00Jjiee TOYHOTO TIOHUMAHUS WX KOTHUTUBHBIX JI€()EKTOB, YTO HE MPOTH-
BOPEYHT CYNIECTBYOIINM MCCIIEIOBAHMUM [2].

Bakaouenne. OOHAPYKEHHBIE KOTHUTHBHBIE JE()EKTHI CTYAECHTOB C Hapylle-
HHEM CJlyXa CIIeAyeT YYUTHIBATh MPH Pa3pabOTKe KOPPEKIIMOHHO-TIEAarOrHueCcKOro
CONPOBOK/ICHHS] HHKIIFO3UBHOTO 00Pa30BaTEIBHOIO MPOLIECCA C BBEICHUEM B IIPO-
rpaMMBbl KOTHUTHBHOIO TPEHHMHIA, a TAKXKe Psila CIEHaIbHBIX 00pa3oBaTEIbHBIX
JucuIiIaH [ 3].
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Annomayus. B Ooannoii pabome paccmompenvt 0CoOeHHOCMU DOPMUPOBAHUA HABBIKOS
NPOEKMHO-UCCIe008AMENLCKOU 0eMENbHOCU CIMYOEHMO8 ¢ 02PAHUYEHHBIMU B03MONMCHO-
cmamu 300poews (OB3) 6 mexnuueckom ynugepcumeme. B pamkax uzyuenus obwe2o Kypca
@usuxu cmydenmamu ¢ OB3 OvLiu paspabomanvl npoepammvi 00pabOmMKU U AHAIU3A IKC-
nepUMEHMANbHBIX OAHHBIX 1A00pamopHuix pabom no ¢usuke. [Jannvie npospammsl no3geo-
JIAIOM c030amb UHMEPAKMugHvle 1a00pamopHsie pabomul U y4ebHvlie Mamepuansl no pas-
deny «MexanuuecKkue KOLeOAHUS» U CYUECMBEHHO 001e24umsb mpyo00eMKOCHb CIYOeHmos
¢ OB3 npu gbinonnenuu yueoHoix 3a0aHuti no 0AHHOMY pazoerny o0buiezo Kypca Qu3uku.

Kniouegvie cnoea. ¢usuxa, cmydenmol ¢ OB3, npoexmno-ucciedosamenvckas oesmenb-
HOCmMb cmy()eHmog, KomnemeHyuu

BBenenmne. AHanu3 negaroruyecKoil MpakTUKHU MOKAa3bIBAET, YTO MPU OCBOE-
HHUM TIPOTPAMMBI 00IIET0 Kypcea Gu3uKH [1], 3HaunTeNbHBIE TPYIHOCTH B YCBOSHUH
ydeOHoro Matepuaia y cryneHToB ¢ OB3 BBI3BIBaIOT pazienbl U3yueHHs Koleba-
TENBHBIX CHCTEM U MPOIIECCOB, a TaKkKe 00padoTKa IKCIIEPIMEHTAIBHBIX MaTepHa-
JIOB JTa0OpaTOPHEIX paboT 1o TeMe «MexaHndeckne Kojebanus». [ pemreHus
MpoOJIEeMBbl TIOBBHIIICHUSI KadyecTBa YCBOCHHUS Y4YeOHOro MaTepuaya CTYACHTAMHU
¢ OB3 corpyaaukamu kadeaps! pusuxu MI'TY um. H.O. baymana Osimn pazpabo-
TaHbl y4eOHBbIC MMOCOOMS, BHJICO JICKI[UU, CEMUHAPHI U JAPyrue yueOHbIC Marepua-
JIbI, HEOOXOIUMBIE JUTS aHAJIN3a CII0KHBIX KOJIe0aTeIbHBIX MPOIeccoB [2].

MeToasl M MaTepuaibl; pe3yJbTaTbl. B mannoil pabote, Oputa mocraBieHa
3agava npuBieyb ctyaenToB ¢ OB3 u3 rpynn ¢axynsrera MY MI'TY nm. H.D. Bay-
MaHa Ui pa3pabOTKH WHTEPAKTUBHBIX TEXHOJOTHH M MPOTrpaMM oOpabOTKH HKC-
MEePUMCEHTAIILHBIX JIaHHBIX JTa00OpaTOpHBIX PadOT MO pasjeny oliero Kypca Gusu-
ku «MexaHndeckue KojeOanus». JlanHas pabOoTa BBIIONHSAIACHE B paMKax
BCIIOMOTATEILHON JTUCIUIUIMHBI «KOTHUTHUBHBIE TEXHOJOTUU COTIPOBOXKICHUS
mucuurinibel — ¢usuka» (KTCJI-pusnka) u ObUTa HampaBicHa HA Pa3BUTHE MEX-
JNUCUUIUIMHAPHBIX KoMneTeHu ctyaenTtoB ¢ OB3. lng npoBeneHus: TeopeTuye-
CKOTO aHajii3a U COCTABJICHHUS aJITOPUTMOB 00pabOTKH AKCIEPUMEHTAIbHBIX JaH-
HBIX KOJICOATEIbHBIX MPOLECCOB OBLTH B3SITHI JIAOOPATOPHBIE Pa0OTHI MO OOIIEMY
Kypcy ¢usnkn mo teme «MexaHndeckne KojaeOaHusI», KOTOPbIe BXOIAT B yIeOHBIH
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wiaH Kapenpsl «Pusuka» (padborsl M1 u M5). HeoO6xoaumbie pacueTsl 1 BU3Yy -
3alUsl DKCIIEPUMEHTAIBHBIX JaHHBIX OBUTM TPOBEICHBI B IMPOTPaMMHON cpefe
MatL ab.

3akaouenne. B pamkax mpoexra «Pa3paboTka mporpamMm oOpaOOTKH 3KcITe-
PUMEHTAJILHBIX Pe3yJbTaTOB JabOpaTOPHBIX paboT Mo Teme «MexaHHMYecKHe Ko-
nebanus» crynpentamu ¢ OB3 Obumn pa3zpaboTaHbl MporpaMMbl 0OpabOTKH U aHa-
TM3a SKCHEPUMEHTANBHBIX JaHHBIX JIA0OpaTOpHBIX paboT mo ¢usuke. JlaHHEBIE
IPOrpaMMBbl MO3BOJISIIOT CO3JaTh MHTEPaKTHBHBIE BHIEO JIaOOpaTOpHBIE pabOThI
U y4eOHbIe MaTepHallbl 1o pazjeny «MexaHHndeckne KoJeOaHus», KOTOPbIe MOKHO
UCIIOJIB30BAaTh Kak B OOBIYHOM, TaK M AUCTAaHIMOHHOM Qopmarte oOydeHus. Pe-
3yJIBTAThl PadOTHI MO3BOJISIOT CYHIECTBEHHO OOJETYUTh TPYAOEMKOCTh CTY/ICHTOB
¢ OB3 Ha BBITIOJHEHUE U aHAJIH3 Y4eOHBIX 33/IaHUi M Pa3BUTh HABBIKK MTPOEKTHO-
MCCIIeIOBATEIILCKON AESTEILHOCTH.
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Annomayusn. Paccmampueaiomces Hogble (opmbl OMUYICOeHUsl, KOMOpble C8UIeneilb-
CMBYIOm 0 KPU3UCHOM COCMOSIHUU COBPEMEHHOU cucmembl obpazosanusi. Ilokazano pasnu-
yue MedHcoy Mmeopuecmeom U KpeamugHOCMbio, KOMopbie Ce200HsL Hacmo paccmMampusarom
Kax cunoHumsl. Teopuecmeo ecmv co30anue 4e20-mo HO8020, KOMOPoe OOCMU2aemcs ny-
mem 8bIx00a co30ameins 3a epanuybl peaibHOCMu, 8 HAONPUPOOHbItl Mup. A KpeamusHocms
— 9MO YMeHUe U3 CYyWecmaylouezo eblIHuMamy Qpasmenmol U KOMHOHOBAMb UX OPUSU-
HanbHolM 00pazom. Coenan 6bi800 0 HeoOXOOUMOCMU PA36umusi MEOPHUEeCKUX CHOCOOHO-
cmetl u npusUmUsl OYX08HbIX YeHHOCMEN 00YYaAIOUWUMCSL.

Knroueswie cnoesa. omuyafa)eﬂue Oom NO3HAHUA, omqyofcdeHue on coyuajlibHsblxX 0mHOW€HU11,
OmuydHCOeHUe Om HAYUOHALLHOU UOEHMUYHOCHIU, KDEAMUBHOCHb, OMYYAHCOeHUE OM 0YX08-
HbIX YeHHOoCmell

BBenenne. O6pa3oBaHue B Halllell cTpaHe HaXOIHUTCS B COCTOSHHM KpH3HCA,
0 YeM CBHUJETEIhCTBYIOT MHOTOUYHCIIEHHBIE CONHaIbHbIE orpockl. Ceromus cdop-
MHUPOBAJIMCh HOBBIE (DOPMBI OTUYKACHUS, KOTOphIE MOXKHO DPaccCMaTpUBaTh Kak
JI0Ka3aTeNIbCTBa ATOTO KPH3MCHOTO coctosiHus [1]. B mccnemoBanmm craBUTCS
1eJb. HAWTH MY TH MPEOJI0JICHHUS HOBBIX ()OPM OTUYKIICHHS.

MeToasl 1 MaTepHuajbl, pe3yJbTaThl. AHAIN3 METOAAMH COIIMAILHOM (uIIo-
copuu M CHCTEMHOTO TOAX0/]a MaTEPHUANIOB COBPEMEHHON OTEYEeCTBEHHOW JHMTEpa-
TYpBI MOKA3bIBACT, YTO MPOOJIEMOI 00pa30BaHus SIBISCTCS, IPEXKIE BCETO, OMY)iC-
Oenue Oemeil om npoyecca nos3Hanus. BO3MOKHOCTP MIHOBEHHOTO ITONYYEHHS
MHPOPMAIINN W XpaHeHHEe ee B HU(POBBIX HOCHUTEISX CPOPMHUpPOBAIM HEXKETaHNE
JIeTell ee OCMBICTMBATh M 00001aTh, YTO BEJET K JEerpajalliid WX MO3TOBOH aKTHB-
HOCTH.

CeromHs TakXe aKTHUBHO HAYMHACT MPOSBIATE Ce0sT omuysicoenue oemeti om
peanvuvlx coyuanvivix omuoutenul. 110 cBoel CyIIHOCTH YENIOBEK — CYIECTBO
conuajgbHOE, U HApYIICHHE 3TOM (PYHKINU CBHIIETENLCTBYET O JIeTpajialli eTei
C pealibHBIX KOMMYHHKAIIUI Ha BUPTyalbHOE OOLICHHUE.

[IxonmpHBIE TIPOTPaMMBI BBI3BAITH (POPMUPOBAHHE HOBOW (HOPMBI OTUYKISHUST —
omuysHcoeHue om ceoel HayUuoHAIbHOU npunaonexcHocmu. COBpEeMEHHBIE BBITYCKHH-
KU LIKOJI O4YeHb ca0o BIaACIOT 3HAHUSIMHU, KOTOpPBIE H (OPMHUPYIOT HICHTU(HUKA-
uio ce0s kak poccusiHuHA. Eme [lmaTon roBopuil, 4To ri1aBHOE — BOCITUTATH pe-
OeHKa rpakJIaHMHOM CBOCH CTpaHsblI [2].

Crnenytomias HoBasi popMa OTUYXKIEHUS B cepe 00pa3oBaHUS — yTBEpKIIe-
HHUE KpeamueHo2o TIOJXO0JIa K 3HAHUSAM U JICSITEIBHOCTH, POPMUPYIOIIAS Omuydic-
Oenue om meopuecmea. CerofHs 4acTo TBOPUYECTBO U KPEATHBHOCTH OTOKAECTB-
JISTIOTCS, HO ATO pa3Hble eHOMEHBI. TBOPUECTBO €CTh CO3JaHKE Yero-To HOBOTO,
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paHee He CyILIECTBOBABILIETO, KOTOPOE IOCTUraeTcs IyTeM BBIXOJAA CO3AATels 3a
TpaHUIlbl HATUYHON PEeabHOCTH, B HaJMPHUPOIHBIA MUpP. A KpeaTUBHOCTh — 3TO
yYMEHHE M3 CYIICCTBYIOIIETO BBIHUMATh (PparMeHThl U KOMIIOHOBAaTb MX OPHIH-
HaJBHBIM 00pa3oM.

Ho nanbonee ruiaueBHBINA BUA COBPEMEHHOI'O OTUYKACHHUS B CUCTEME 00pa3o-
BaHUSI — 3TO OmuyodicoeHue NeTell om OyXoeHO-HpascmeeHHvlx yenHocmel. Jly-
XOBHOCTb — 3TO BBICHIHH YPOBE€Hb CaMOpa3BUTHUA JIUYHOCTH, HpOﬂBJISIIOHlI/II‘/'ICSI
B €€ HPaBCTBEHHOH CONPHYACTHOCTH C MPEJCTaBUTEISIMH CBOEro poja. JTa CIo-
coOHOCTh Hayana (OPMHUPOBATHCS €IIE B apXeTHIIEe YEJIOBEUECTBA B BUJIE OTBET-
CTBEHHOCTH 32 Cy/OBI MHpa IyTeM COXpaHEHHs OOIIeYeNIOBEUSCKHX naeaos [3].

3akioyeHne. YeaoBeuecTBO — 3TO 4YacTh CHCTEMbl MHUPO3JAHMA, KOTOpas
caMopa3BHBaeTCcs 10 €¢ YHHBEpCaJIbHBIM 3aKkoHaM. OOILICHWE C BHPTYaJIbHBIMH
cobeceHUKaMu (HOPMHPYET Yy JeTed IMOLHMOHAIBHYIO TIIyXOTYy, HEyMEHHE Colle-
peXMBaTh U MPU3HABATH 32 HUMHU TaKUX e MpaB, KakuMu oOmanaio S. s mpe-
OJIOJICHUSI OTUYKJCHUSI HEOOXOJMMO pa3BUBAaTh TBOPUECKHE CIIOCOOHOCTH 00yua-
IOIIMXCS ¥ IPUBUBATh UM JTyXOBHbIC [IEHHOCTH.

CnuUcoK UCTOUYHUKOB
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Ucnonb3oBaHue cynepnosnumm AByx QYHKLMIA pacnpegenieHus
Npu oLLeHKe HaJeXHOCTH 060pyA0BaHUSA
MaLIMHOCTPOUTENIbHOW OTpacau

HoBukoBa TaTbsiHa AneKkceeBHa boiko_tatjana@mail.ru

MITY um. H.3. baymaxa, Mocksa, Poccusa

Annomayusn. Paccmompena npobnema popmuposanus y cmyoenmos UHICEHEPHbIX Cheyil-
AnbHOCMEl NPAKMUYECKUX HABLIKOS AHAIU3A HadexdcHocmu obopydosanus. IIpedcmasnen
HOOX00 K Op2aHU3ayuU MeNCOUCYUNTUHAPHO20 Y4eOHO20 NPOEKMd, HANPAGLeHHO20 HA pe-
wienue nPou3B00CMEeHHOU 3a0aiu no 8blO0PY PYHKYUU HAOEIHCHOCMU 8 GUOe CYNepno3u-
yuu 08yx pacnpedenenuti. Iloxazano, ymo peanuzayus npoekma mpedyem unmezpayuu
SHAHUL U3 MEOPUU 8EPOIMHOCMEN, NPOSPAMMUPOBAHUSL, 6A3 OAHHBIX U MEeMOO08 ONMUMU-
sayuu. Coenanvl 8b18600bl, YMO NOOOOHbIE NPOEKMbL MOJICHO NPUMEHAMb 05l hOPMUPOBA-
HUsL Y OYOYWUX CReYUaIUCno8 CUCTIEMHO20 MbIULICHUSL U KOMNEMEeHYUU, COOMEENCMEYI0-
WUX BbI306AM COBPEMEHHOU YUPPOBOT NPOMBIULIEHHOCTIU.

Knioueguie cnosa:. gpynxyus naoedcHocmu, cynepnosuyus, 000pyoosanue MawuHoCcmpoe-
HUSL, CMAMUCIUKA OMKA308, MEMOO HAUMEHbULUX K8AOPamo8

Beenenue. B coBpeMEHHBIX YCIIOBUSAX Pa3BUTHE MHKEHEPHOTO 0Opa30BaHUs SBIIS-
€TCsl OJTHMM W3 OCHOBHBIX KOMIIOHEHTOB HAIlMOHAIBHOI'O CYBEPEHUTETA CTPAHBI.
KnroueBrIM MOMEHTOM B HOATOTOBKE KOHKYPEHTOCIOCOOHBIX CIEIMATHNCTOB BbI-
CTYNAalT NPaKTUKOOPUEHTHPOBAHHBIE MEXIUCIHUILUINHAPHBIE MPOEKTHI, Mpedy-
CMOTpPEHHBIE B y4eOHBIX IJIaHax oOpa3oBaTeNbHBIX opraHu3auuii. B Hacrosmei
CTaThe PacCCMOTPEH NMPUMEP MOJOOHOTO MPOEKTA.

Matepuajbl U1 MeTOABI; pe3yabTaThl. OMHIM U3 HanOoJiee BaKHBIX aKTHBOB
NPEINPHUATHS SBISIOTCS MAIIMHBI U 000pYA0BaHNE, HAJISKHOCTh KOTOPBIX HATIPSIMYTO
BIMSIET HA Ka4eCTBO NPOW3BOAMMON Nponaykuuu. B teopum HanmeskHocTH ocoboe
BHHMAaHHUE Y/IENISETCS TIOHATHIO (DYHKIIMU HAZEKHOCTH, C IOMOIIBIO KOTOPOH MOYKHO
ONPEJICIUTh BEPOSTHOCTh Oe30TKa3HOM paboThl [1]. CymiecTByeT HECKOIbKO (yHK-
LWH HAZEKHOCTH: JJIS1 HENIPEPBIBHBIX PACIIPENEICHUIN UCIIOIb3YIOTCS PABHOMEPHBIH,
SKCIOHECHIUAIIbHBIN, HOPMAJIbHBIHM, YCEUEHHBII HOPMaJIbHBII U JIOTHOPMAJIbHBIN 3a-
KOHBI, 3aKOH Panes, 3akon BeliOymna, raMmma-paciipesnenesue; a1 TUCKPETHbIX —
3akoH [lyaccoHa, OMHOMHHAIIBHOE U TEOMETPHYECKOE pactpe/erneHust [2].

B y4eOHbIX Kypcax, HOCBSILIEHHBIX HaIe)KHOCTH 000PYAOBaHMUs, peIIaeTcs 3a-
Jlada, TIpU KOTOPOW 3apaHee M3BECTHA (YHKITUS pacIpeneiicHUsS W HEOOXOIUMO
OIPEJEIUTh KOJUYECTBEHHBIE NTAPaMETPhI CIIy4alHON BENUYUHBL. B TO ke Bpems,
Ha MpeJIpusSTHH 9acTO BO3HUKAET 3a/1a4a BbIOOpa (PYHKIMH HAAECKHOCTH, KOTOPast
OyIeT MakCUMaJIbHO TOYHO alMpOKCHMHUPOBATh IMITMpHUIECKUe JanHbIe. [IpakTuka
MOKAa3bIBAET, YTO BBIXOJ M3 CTPOsI 000pYyIOBaHUS MOXKET OBITH BBI3BAaH Kak Mexa-
HUYECKUMH, TaK U 3JEKTPOHHBIMU HEHCIPABHOCTSAMH, KOTOPbIE MMEIOT Pa3HYIO
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npuposy. B mogo0HBIX cUTyalusax pacnpenesicHne HapabOTKH Ha OTKa3 OMKMChIBa-
eTCsl He O/IHOM (pyHKIIMEH, a Cynepo3uieil HeCKOIbKUX QyHKIui [3].

B cBs3u ¢ oTHM, mpemiaraercs pacCMOTPETh BO3MOXKHOCTH BKIIOYCHHUS
B y4eOHbII TUIaH CIeayromero mpoekTa. [IycTh ecTh HEKOTOPOE MPENPUATHE Ma-
IMIMHOCTPOHUTENILHOM OTpaciH, Ha OaaHce KOTOPOrO €CTh HECKOIBKO OJHOTUITHBIX
craHkoB. [lo KaxmoW emuHHUIlE 00OpYyIOBaHHs COOpaHa CTaTHCTHKA OTKa30B.
Heo0xoaumo onpenenuTs HanOoJiee MOAXOA[ILY0 (BYHKIIMIO HaJIEKHOCTH, OCHO-
BaHHYIO Ha CYIEPIIO3HLIUH JBYX paclpe/IeICHH:

Fix = p funcy + q func,,
rlie p — Bec NepBoi QyHKIUH pacnpeneseHus B cmecd; ¢ = (1 — p) — Bec BTO-
poli GYHKIUM paclipefiefieHus B cMecH; func, u func, — nepsas ¥ BTopasi QyHK-
LIS HAIEKHOCTH.

Pemrenne mocTaBieHHOH 3a/1a4M MOYKET BKIIFOUATh HECKOJIBKO 3TAIlOB, peaji3a-
M KOTOPBIX TpeOyeT 3HAaHWM M HaBBIKOB Pa3HBIX IUCHUIUIMH. Ha mepBom stare,
eciad 00beM JaHHBIX BEJIMK, MOKHO IIPEAyCMOTPETh IIPOEKTUPOBaHUE 0a3bl JAHHBIX
(BM), xoTopasi MO3BOJISET XPaHWUTh, OOHOBJIATH M BBITPY)KAaTh JTaHHBIC CTATUCTHUKH
OTKa30B. Peanmzanys maHHOTO STama BO3MOXKHA B CIIydae OBJIAACHMS CTYICHTAMH
ocHoBamu apxutekTypsl b/[. Ha Bropom stame Beirpyxennsie u3 bJ| manupie HeoO-
XOAMMO MPUBECTH K MOAXOJAIIEMY JUIS MOCIEAYIOIEr0 aHaIu3a BULy — MPOBECTU
npenoOpaboTKy HaHHBIX. [y BBINOJHEHMS NAHHOTO 3Tana HEOOXOOUMBI 3HAHHS
B 00J1aCTH CTaTHCTHKU M aHAIN3a JAaHHBIX, a TaKKe HeoOXOAMMO HAIMYUE HABHIKOB
pabOTBI ¢ OTHUM U3 3BIKOB IPOrPaMMHpPOBaHus, Harpumep, Python.

Ha tpetpem atarre 1enecoodbpasno pazpadoTaTs MOJENb, KOTOpasi OyaeT moa-
Oupatp mapaMeTphl CyNepHo3uluK pacrpeneneHus. s 3Toro cieayer BeIOpaTh
KPUTEPUH MUHUMM3ALUHU PACXOXKACHHUS TEOPETUUECKON U SMIMPUUECKON (HYHKIUHI
pacnupeneneHus. B kadecTBe Takoro KpHUTEpHs MOXKET OBITH BbIOpaH MeETOJ
HauMeHbIux kBaaparoB (MHK), koTopslii moapasymeBaeT MUHHMHU3ALHUIO CYyMMBI
KBaJI[paTOB Pa3HOCTH 3HAYCHHWH SMITMPHYECKOTO M TEOPETHUYECKOTO paciperere-
HUi. s peanuzanmu TpeThETo dTara HEOOXOAMMO 00JanaTh HaBBIKAMHU B 00Ja-
CTH ONTHMHU3ALNH (YHKLUUH 1 KOMIIBIOTEPHOI'O MOJEIHUPOBAHMS, a TAKXKE LIeIeco-
00pa3Ho BIaaeTh NPOPHUIBHBIMI HHCTPYMEHTAMHU, HATIPUMEP OUOIMOTEKOM SCIpy.

3axirouenue. B pesynbrare paccMOTpEHHOIO IpUMeEpa MOXKHO CIEIaTh BBIBOZ O
1eNIecO00Pa3HOCTH BKITIOYEHHUS B YU€OHBIE IUIaHBI MPOEKTOB, PHOIMKEHHBIX K TPO-
W3BOJICTBEHHBIM 3a/1a4aM, KOTOpBIE TTO3BOJIST O0ObEIMHUTD 3HAHUSI CTYACHTOB U3 pas-
HBIX JUCLMIUIMH, PACLIIMPUTh UX MPAKTHUECKHE HABbIKH, a TaKXKe c(HOPMHUPOBATH CH-
CTEMHOE BUJICHHE TIPOOJIEMBI U MBIIIUICHUE, OPHEHTUPOBAHHOE Ha Pe3yJIbTar.
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Annomauusn. B cmamve paccmompena akmyanibHas npodiemMa KOCMUYecKo20 Mycopa u me-
Moobl ee peuleHUsl ¢ NOMOWbIO UHHOBAYUOHHBIX mexHoNo2ul. IIpednosceno ucnonv3osanue
VYMHO20 menecKkond, OCHAWEHHO20 UCKYCCMBEHHbIM UHMENIEKMOM, NO36OIAOUUM C80egpe-
MEHHO OOHAPYIHCUBAMD U OYEHUBANb CMENEHb ONACHOCHU 0OHAPYICEHHO20 00beKmd.

Knrouesvte cnosa: kocmuueckuil Mycop, YMHbI MeNeCKOn, OUHAMUYECKUT 00beKm, UCKYC-
CMBEHHbLIL UHMEILIeKM, KIACepu3ayusl

Beenenne. KocMuueckuii Mycop BKIIto4YaeT B ce0si Bce 0OBEKTHI, CO3AaHHBIE YeO0-
BEKOM, KOTOpBIE OOJblIe HE BBIMOIHSIOT IMOJIE3HBIX (DYHKIMH U HAXOAATCS Ha Op-
oure 3emun. C KaXXIbIM TOJIOM, BCIIEICTBHE Pa3BUTHS KOCMOHABTHKH, KOTHIECTBO
00BEKTOB Ha OKOJIO3EMHOW OpOMTE YBETHMUMBAETCS, YEM CO3/1aeT yrpo3y s Jei-
CTBYIOLIMX AMHAMHYECKHX OOBEKTOB. OMACHOCTH CTOJKHOBEHMS C KOCMHUYECKUM
MYCOpPOM 3aKIIIOUaeTCs B TOM, UTO JIake HeOObIIOH 00BEKT MOKET HAHECTH CEph-
€3HBIH ylepO WM NOJHOCTBIO YHUUTOXKUTh JUHAMHUYECKUH 00BEKT, PACIION0XKEH-
HBIl HA OKOJI03eMHOU opOute [1, 2]. B cBsI3u ¢ 3THM BO3HUKAET HEOOXOIMMOCTh
B pa3paboTKe TEXHOJIOTHH, KOTOpBIE MO3BOJIAT ONEPAaTUBHO OOHApPY>KUBAaTh U OT-
CJICKHMBAaTh KOCMUYECKUH MYCOp, 4TOOBI MPENOTBPATUTh BO3MOXKHBIE CTOJKHOBE-
Hus. [ pemenus 5Toil mpoOieMbl peasaraeTcst HCIOJIb30BaTh YMHBIH TEIECKOTI,
OCHAIIICHHBIH MCKyccTBeHHBIM MHTeIuIeKTOoM (MU), KOTOophIii cOCOOEH He TOJIBKO
0o0HapyXHBaTh MyCOp, HO U OLIEHUBATh CTENEHb €T0 OIMTACHOCTH.

Marepuajibl U METOAbI, Pe3YJbTATHI. YMHBIN TEJIECKON — 3TO MHHOBALU-
OHHOE YCTPOHCTBO, KOTOPOE COYeTaeT B ceOe BO3MOKHOCTU TPAAULIMOHHOIO Telle-
CKOIla U COBPEMEHHBIE TEXHOJIOTMH HMCKYCCTBEHHOI'O MHTENIEKTa. Ero ocHOBHAas
3ajjaya — OIEPaTHBHOE OOHApy)KEHHE M OTCIEKUBAaHHE KOCMHUYECKOTO Mycopa,
a TaKXe aHalW3 IMOJIYYEHHBIX JAaHHBIX JUIS OLEHKH MOTEHIMAIBHOW YTPO3BI.
[Mpuanmn paboThl yMHOTO TeJecKONa OCHOBAaH Ha MCIOJIb30BAHUHM BBICOKOUYB-
CTBHUTENBHBIX CEHCOPOB U KaMep, KOTOpbIe (PUKCUPYIOT TOJI0KEHHE U TPACKTOPHIO
00BEKTOB. 3aTeM ITH JaHHBIC IepeaaroTcs B cucremy MU, paspaboTaHHOTO HA Me-
TOJE KJIACTEPU3aLUU, KOTOPAsl aHAIU3UPYET UX U IPUHUMAET PELIEHUE O CTEIICHU
OIAaCHOCTH Ka)KAOT0 00beKTa. B cilydae BBISBICHUS YIPO3bl CHCTEMa MOXKET aBTO-
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MAaTUYECKU YBEIOMUTH OINEPATOpa M MPEMJOXKUTh BapUaHTbl JEUCTBUUA IS
MpeI0TBpaIIeHus cTONKHOBeHUI. OnHON M3 OCHOBHBIX 3amad UMW sBnsercs kimac-
cudukaus 00bEKTOB: OH JOJDKEH YMETh OTJIMYaTh KOCMUYECKHH MyCOp OT JIpy-
IUX JMHAMHAYECKHX 00BHEKTOB (CM. PUCYHOK).

YMHbI Teneckon
(ceHCope! + KaMmepsl)
Y

(Cﬁop M3OBPaKEHHA 1 Tenememua

\J

MpegeaprtensHan obpaboTka
- OUMCTKa LyMOB / Basbl 0pOMTaNbHLIX OaHHLIX /
- HOpManusauma

- KOpPeKUMA owmMGoK

MaenedeHne NpuaHakoe
(paamep, TpaeKTopuA,
CKOPOCTb, APKOCTL)

Jetexyms obbekToB

MexgyHapoHbie CUCTeMB!
(kaTanori oOLEKTOE)
AHANWI XaPaKTePUCTHE
(TpaeKTopuA, AMHAMWKA, Temneparypa)
\
Knactepuzauwa
(mycop / cnyTHuk / aHomanwna)

QueHka yrpossbl
. aepnn-r:a:m égﬁwaseuun Mepeaaua B SKCNePTHBIA PeXMM
AINA ONONHUTENLHOTO aHaNKaa
- NPOTHO3 TPAeKTOPMM

AHOManNsHBLIE 00BEKTEI

J

Y

MpuHATHE Mep
- yBeoMNeHIe onepatopa
- UBMEHeHMe opBuThI
- 3alUMTHLIE 0EeRCTBMA

CHHXPOHW3AUMA € Gasami AaHHBIX
M KaTanoram1 cnyTHUKOB

ObpatHan ceAsk W oByueHue MK
- YNyULLIBHHE anropuTMOoB
- ]

0fHOBNEHUE MEKIYHAPOAHBLIX KATANOro

Anroputm paboTbl yMHOro Tefieckona
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OcHOBHBIE 3TaIlbl BKJIIOYAIOT B ce0s: cOOp MHPOPMAIMHM O KOCMUYECKOM MY-
cope; mpenoOpaboTKa JaHHBIX; KJIACTEpPH3alus JaHHBIX C HCIIOIB30BaHUEM pas3-
JMYHBIX AITOPUTMOB; OLIEHKA ONacHOCTH oObekTa. Ilo mToram ananmsa moiyveH-
Hoii wHGpopmammun WM mnpuHuMaer pemieHHe 00 OMACHOCTH KOCMHYECKOTO
o0bekTa. Ha ocHOBe OLIEHEHHOI OMAacHOCTH CHCTEMa HEMEIUIEHHO COOOILAeT ore-
paTtopy 00 oOHapy>KEHHOM OMACHOCTH, a TaKKe MpEeAaracT pasjIndHble alNrOpHT-
MBI JIeHICTBUH, HaIpUMep, KaK U3MEHEHHE OpOHUTHI MIIM BBICTABJICHUE 3aIIUTHI JUIS
JUHaMU4eckoro o0bekTa. Ilpu 3ToM cucremMa yMHOIO TellecKoma NpoJoJKaeT ciie-
JIUTH 33 CUTyalMed M MPOBOAUTH KOPPEKTHPOBKY aJTOPUTMOB B CiIydae M3MEHE-
HUs no3uuuu o0bekTa. CoOpaHHbIE AAaHHBIE W PE3yJbTaThl UCIOJIB3YIOTCS IS
00ydYeHHsI CHCTEMBI, yIIydIlias alrOPUTMbI B Oy aymiem [3, 4].

3akJ/louenue. YMHBIA TEIECKON, OCHAIICHHBIN HCKYCCTBEHHBIM HHTEIUICK-
TOM, TIpe/CTaBIsIeT cOOOK MEPCIEKTUBHOE PEIIeHUE Il OOPHOBI C KOCMHUUYECKUM
MYCOPOM. B YCJIOBHAX pacTyIled KOHKYPEHIINH B KOCMHUYECKOH OTPaciy M yBEIH-
YHBAIOIIETOCs KOJIMYecTBa OOBEKTOB Ha OpOUTE TaKUE TEXHOJIOTHH CTAaHOBATCS BCE
Oonee akTyasbHBIMH M BocTpeOoBaHHBIMH. CO374aHHME YMHOTO TEJIECKONa, B KO-
HEYHOM UTOTe, MOXKET CTaTh BaXKHBIM IIaroM Ha IMyTH K obecliedeHnto 0e30macHo-
CTH KOCMHYECKHX OOBEKTOB, MHUHUMH3HPOBAB PHCKH aBapuil M IMOBPEKICHUH,
1 YCTOMYUBOCTH KOCMUYECKON ACSITETHHOCTH B Oy IyIIIEM.
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O NoAroToBKe UHXEHEePHbIX KafpoB A1 BbICOKOTEXHOOrNYHbIX
oTpacnei npombiwneHHocTu Pecnybnukn Kapenus

MaweeBa TaTbsiHa lOpbeBHa tatjana-pasheeva@rambler.ru
SPIN-kopa: 6429-3700

lMempo3asodckuli 20cydapcmeeHHbil yHugepcumem, llempo3asodck, Poccus

Annomayusn. Paccmompeno pazgumue 8blcOKOMEXHON02UUHO20 CeKmopa dKonomuku Pec-
nyoauxu Kapenus u e2o é3aumoodeticmsue ¢ [lempo3aso0ckum 20cy0apcmeeHHbIM YHUGep-
cumemom. Coenanvl 8b18600bl O BANCHOCHIU KOMMYHUKAYUU 8bICOKOMEXHONOLUYHBIX Npeo-
npUsmMULl U YHUBEpCUmema 6 Yeusix NOO020MOBKU UHIICEHEPHBIX KAOpO8, CHOCOOHbIX
PA36U6AMb GbICOKOMEXHOIOSUYHBIT OU3HEC.

Knrouesute cnosa. UHHOBAYUOHHblIE npoYeccol, 6blCOKOMEXHOI02UYHbLE OMPACIU NPOMbBLUL-
JIEHHOCMU , 9KOHOMUKA 3HaHu12, YHUsepcument, UHJICEHepPHble Kaapbl

Brenenue. 3HaUNTENBHBIA CEKTOP MpOMBIIIIeHHOCTH Pecmybnuku Kapenust (ma-
aee PK) Gaszupyercst Ha TpaJWIIMOHHBIX TEXHOJOTHSX MPOU3BOACTBA. Komiuiekc
00pabaTHIBAIOIIMX OTPACIICH HETOCTATOYHO HACHIIICH MHHOBAITMOHHBIMHU TEXHOJIO-
rusMu. MacmrabHOCTh 3aJa4 MOJIEPHHU3ALMK MPOMBIIUICHHBIX npeanpustuii PK
00ycIioBiIeHa HEOOXOANMOCTBIO OCYIIECTBICHUS TITyOOKHUX TIpeoOpa3oBaHUl peru-
OHAJIBHOW SKOHOMHKH B TOJB3y 00pabaThIBAIOIIMX OTpaciedl MpU paclIdpeHuH
B HUX JIOJIM BBICOKOTEXHOJOI'MYHBIX TPOU3BOACTB. I yBEeIMUYEHUS JONU HAYIHO-
MCCIIEZIOBATENBCKIX Pa0OT M BBIITyCKa BBICOKOTEXHOJIOTHYHON MPOAYKIHHU Tpeldy-
erca 3 (eKTUBHOE B3aUMOJCHCTBIE BBICOKOTEXHOJIOTUYHBIX HPEANPHATHH C 00-
pa3oBaTeNbHBIMH U HAyYHBIMH opranuzanusmu PK.

MeTtoansl m MaTepualbl; pe3yibTaTbl. ABTOp [1] mpemiaraer ciemyromee
ompezaeneHne. «BBICOKOTEXHOIOTHYHBIA CEKTOP — 3TO KOMIUIEKC OTpaciieil U BU-
JIOB NIESITETHOCTH, CBSI3aHHBIX C CO3/IaHUEM W MCIIOJIH30BAHWEM 3HAHUHA U TEXHO-
JIOTHI B MIPOU3BOJCTBE TOBApOB M YCIYT MpPH YCJIOBUHM 3HAUUTEIBHBIX BIIOKEHUH
B HAay4HO-HCCIIEIOBATEIILCKUE U OIBITHO-KOHCTPYKTOPCKUE PabOThl U HAJIMYUH
BBICOKOKBaM(pHITHpOBaHHOTO Tepconaia» [1]. TTo muenuro aBTopa [2] B Kapemuu
BBICOKOTEXHOJIOTUYHBIN KOMIIJIEKC OTpaciell U BUABI JEATEIbHOCTH MPAKTHYECKU
OTCYTCTBYIOT, €CTh JIHIIb €AWHHYHBbIC Tpemnpustus [2]. B kadectBe mpumepa
MOJKHO IIPHUBECTH JEATEIBLHOCTh Hay4YHO-NIPOU3BOJACTBEHHOTO Mpennpuarus «Ilpo-
PBIB>», 3aHUMAFOIIETO JTUANPYIOIINE TIO3UIINN TI0 pa3paboTKe U MPOU3BOJICTBY 000-
pyIOBaHUsI B OOJIACTH 3JIEKTPOMAarHUTHOU coBMecTHMOCTH. Cpeau mpobiieM, ¢ Ko-
TOPBIMH CTaJKHBAETCSl MPOMBIIUIEHHOCTh — HEAOCTATOK KaApOB Ui palbOoTHI
B BBICOKOTEXHOJIOTUYHOM cekrope [1]. Kaapbl — kitoueBasi mpodiaeMa B IesTelb-
HOCTHM OT€YECTBEHHBIX IPOMBIIUICHHBIX MPEANPUATUN. «YHUBEPCUTETHI — JIpaii-
BEP PErHOHANBHOTO Pa3BUTHSA, UTPAIOT OOJIBILYIO POJIb B Pa3BUTHH peruoHoB Poc-
CHHM, HO pa3BUTHE MHOTMX W3 HHX OTCTacT OT MOTPeOHOCTEH SKOHOMHKH
peruonoB» [3]. HeoOxomumo mepeiitn k QopcupoBaHHOMY pPOCTY HHBECTHIIMI
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B OCHOBHbIC (DOH[IBI U B YEJIOBEUECKUII KalUTal, MPEKAe BCEro B SKOHOMUKY 3Ha-
Huii [4]. BaxHO MCIIONB30BaTh 3HAHUS VIS Pa3pabOTKH HHHOBAIMOHHBIX MaTepHa-
JIOB, TEXHOJIOTHH, CIIOCOOOB Mpou3BoACTBa. [lepen yHMBepcuTeTaMU CTOUT 3aaa4ya
OpPraHM30BaTh MPOLECC IONY4YeHHs 3HAHUM CTYIEHTAMH I IOCHIENYOIEN
TpaHc(OpPMaIK 3TUX 3HAaHUH B MHHOBALIMOHHBINA MPOAYKT. Bo3pacraer 3ampoc Ha
MH)XEHEPOB, CIIOCOOHBIX IUIAHMPOBATH BHICOKOTEXHOJOTHYHBIN OM3HEC I cO3.a-
HUSI HAYKOEMKHX U3JIEIHM.

3akouenne. HenmsmeprMo BBIPOCIIO 3HAUEHHE YEJIOBEUECKOro (akTopa AJs
obecniedyeHus WHHOBAIMOHHOTO Tmporecca. OT 00pa30BaTENbHBIX YUPEKIACHUIH
TpeOYIOTCSl YCHIUS AJsl OCBOGHHS TEKYIIMX 3allpOCOB BBICOKOTEXHOJIOTHMYHOTO
IpOMBIIUIEHHOTO npou3BoacTBa. B PK mmMerorcst 3HaunTensHbIN QyHIaMEHTaIb-
HBIH 3a/1e1 U KBaTH(DUIMPOBAHHBIE KaIpbl, HEOOXOIUMa OpHUEHTAIHS 3TOTO IIO-
TEHIMAJIa HA peajbHO CYLIECTBYIOLINE MOTPEOHOCTH 3KOHOMUKU U MOTPEOHOCTH
BBICOKOTEXHOJIOTMUHBIX HpOMBINUIEHHBIX npeanpusatuii PK. VYHuepcuters
JIOJDKHBI TOTOBUTH WH)KEHEPOB, CIIOCOOHBIX pa30MpaThesi B BLICOKOTEXHOIOTUYHOM
Ou3Hece, pyKOBOJIMUTH IPOCKTAMH IO CO3JIaHUI0 HAYKOCMKHX U3/enuil [5].
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OpraHu3auus auTPEeKMHroBOro UCCef0BaHNs YTeHUS
CTY[,EHTOB C HapyLIEeHUEM CJlyXa B YCJIOBUAX
MHKNI03MBHOTO 06pa30BaHUSA BbICILEN MHXXEHEPHOW LWKOJIbI
*)
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Annomauus. Ilpedcmagienvt 0cOOeHHOCMU MEXHUYECKO20 OCHAWEHUSL U OPeAHU3AYUY atimpe-
KUH206020 UCCIE008AHUSL YMEHUsL CIYOEHMAMU C HAPYWEHUEM CLyXd 8 YCL0BUSIX GblCUlel] UH-
KIIO3UBHOU UHMICEHEPHOU wiKobl. Onucansl npumensiemoe 000pyoosarue, npocpammuoe obec-
neueHue, CMUMYTbHbIL Mamepual u Yyciosus dKkcnepumenma. Iloxkazamvl  Kmouegvie
MemooonocutecKue pewenusl, 0becneuusaiouue HaoetCHOCHb PeUCMpayuu MUKPOOUHAMUKU
832715104 U OOCHYNHOCHb UHCIMPYKYULL OISt YYACMHUKOG C HAPYUEHUSMU CILYXd.

Knrouesvte cnosa: aiimpexune, cmyoenmsi ¢ HapyuleHuem Cyxd, KOCHUMUGHAs HaA2PY3Kd,
000py008aHue, IKCHEPUMEHMATbHAS. NPOYedyPa

Beenenue. DddexTuBHOE 00yUYeHUE CTYICHTOB C HapyLICHHSIMU Clyxa TpeOyeT
y4eTa uX BHU3yalbHO-KOTHUTHBHOTO MPOQUIIS. AHTPEKHHT MO3BOJISIET PETHCTPHPO-
BaTh MUKPOJIMHAMHKY B3IJIsija U OOBEKTHBHO OLCHUBATH CTpaTterud urenus [1].
OpraHu3amys Takoro MCCIEIOBaHUS B WHKIIIO3UBHOM MH)KCHEPHOH IIKOJIE CTAaHO-
BUTCSI OCHOBOW JIJISl 0COOBIX TEXHUYECKUX M METOJIOJOTHYECKHX PEIICHUH B opra-
HHU3aIMK 00pa3oBaTebHOrO mporecea [2, 3].

Metoabl U MaTepualibl, pe3yJbTaThl. B HcCIeOBaHUU Y4YacTBOBAIH J[BE
TPyl CTyJeHTOB OakamaBpuata 18-25 ner: rpymma cpaBHenus (74 crymeHTa
C MOATBEP)KICHHBIM HapyLICHHEM CIIyXa) M KOHTpOJbHas rpymmna (65 cTyneHToB
0e3 HapylIlIeHUH ciryxa).

s peructpauuy ABMKEHHH TJ1a3 MCIIOJIb30BajICs MHPPAaKpacHBIA alTpekep
Gazepoint GP3 (GP3SD v2) ¢ wacroroii auckperusaruu 60 'l 1 TOYHOCTHIO
0,5-1° [4]. Honyctumoe cmerenne roiossl — 15 ¢cM mo riybune, 25 cMm 1o
ropuzoHTa® U 11 cM mo BepTukamu. CTUMYIJBI MPEIbSBISUINCE HA MOHHTOPE
quaroHanslo 23 groiiMa ¢ paspemenuem 19201080 mukceneit. OcBemieHue
B IOMELICHUU KOHTPOJIHPOBAIOCH JIs1 UCKIIOUEHUS] MH(PAKPACHBIX M IMyJIbCH-
PYIOIINX HCTOYHUKOB [4].

Hcnonb3oBaincs naker «HelipoGiopo» [5] ¢ pexxumamu «IIpoBeneHue dKcrie-
pUMEHTa» U «AHamu3 dKCepuMeHTa». JlaHHbIe BHITPYXAMUCh ¢ yacToToil 60 Iy
U CoJIep)Kalld KOOPAMHATHI B3TJIsNA, JUAMETp 3padyka U BPEMEHHbIe MeTKH. J[is
pa3MeTku coObIThil mpumensuics anroput™m |-VT (mopor 70°/c, ¢pukcaunu > 60 mc)
[1]. JlomosHMTENBbHO HCIONB30BaJlach aBTOMATHYECKash pa3MeTKa 30H HHTepeca
(AQI) 1o croBam.
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[pouerypa sKcIiepuMeHTa BKIIIOYAIIA [T ITATIOB!

— BBOJJHOE COOOIIIEHHE C )KECTOBBIM MEPEBOJIOM M aBTOMATUYECKUM Pacro3Ha-
BanueMm peun (Google Live Transcribe) [2];

— MMEPCOHATBHBINA HHCTPYKTAXK;

— KaMMOPOBKY 10 9-TOYEUHOH cxeMme;

— Bepudukanuio (TouHocts <1,5°);

— YTEHHE TEKCTa B KOM(POPTHOM TeMIIe.

WHCTpyKIMY BBIBOIWINCH Ha BCIIOMOTATENbHBIH KpaH. [IoBTOpHI KannOpos-
KH BBIMOJIHSJIMCH ITPU MPEBBIIICHHH TIOPOTOB OITHOKH.

Hcronp30Banuck Ba THIA TEKCTOB: HAPPATHUBHBIH (OBITOBOM, 76 CIIOB) U Omu-
carenbHbIi yueOHbIi (153 ciioBa, Gpopmyiibl, cucrema ypaBHeHuit). TeKCThl aar-
THPOBAJIUCH O] PKPaH, CTPOKH BBIPABHUBAIUCH 110 MIUPUHE, TPUMEHSIICS MPUPT
Times New Roman, yBeiaM4eHHbIH Keridb W MEXCTpOYHbIH MHTepBasi. CTpoka
BiTRO4aia 10 60 cumBosios [1].

Uckmouanuck apredaktsl (blink/lost), a Tak:ke moBTopHsle Tiepeutenus. Jis
CTJIa)KMBAHUS UCTIONB30BAIOCH 00BbEANHEHNE COCEHNX (UKCAlUil IpU MHTEpBae
<60 mc u paccrosaun < 0,5° [1].

PesyabTaTrhl. OnucaHHas METOJMKa IMO3BOJIMIIA OOECIICUUTh KOPPEKTHOCTH
NPOBE/ICHHS KCIICPHUMEHTA U BBICOKOE Ka4eCTBO PETMCTPHPYEMbIX MaHHbIX. [Tpu-
MeHeHue 9-ToueqHOW KanuOpOBKM M BepU(HUKAIMK TapaHTUPOBAIO TOYHOCTH OT-
CIIC)KUBAHUS B3IJIA/IA, a MCHONb30BaHue anropurMa |-V T n aBromatndeckoit pas-
METKH 30H HHTEpeca 00eCIeunio cTaHIapTU3NPOBaHHYI0 00pab0TKy MOKa3aTeIeH.
KoHTponb ocBenieHusl, MPUMEHEHHE BCIIOMOTATEIbHBIX TEXHOJIOTHI ISl HHCTPYK-
Taka M ajanTaims TeKCTOB IO/l DKpaH IO3BOJIUIIN CO3/IaTh pPaBHBIC YCIIOBHs y4a-
CTHS AJISl BCEX CTYJICHTOB.

3akaouenne. Opranuzaiys aiTPEKUHIOBOTO MCCIIEIOBAHHS B YCIOBUSX HH-
KITIO3MBHON MH)KEHEPHOH IIKOIBI TpeOyeT KOMILIEKCHOTO IOAX0Ja. BhIOOpa Ho-
CTYyIHOTr0 00OpY/ZOBaHMS, aJaNTalMd CTHMYJBHOI'O Marepuaia, KOHTPOJIS BHEII-
HHX YCJIOBHH U TPUMEHEHHS BCIIOMOTATEeIbHBIX TEXHOJIOTHI ()KECTOBBIH MEPEeBO,
aBTOMarnyeckas Tpanckpunnus) [2, 3]. [IpeacraBieHHbIi MTPOTOKOI 00eCIeUunBacT
BBICOKOE KayeCTBO JaHHBIX M YYUTHIBAET OCOOCHHOCTH BOCHPHSTHS CTYACHTOB
C HapyUICHUSIMHU CITyXa.
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Ocob6eHHOCTM afanTauumn yuebHbIX TEKCTOB ANS CTYAEHTOB
C HApYLEeHUAMMU CNyXa BbiABNEHHbIE NO pe3ysibTaTaM
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Annomayun. B cmamve paccmampusaromes pe3yniomamol ampekuHz068020 UCCAe008aAHUSA
umenusi CmyOeHmamu ¢ HapyweHuamu ciyxa. Buoiseiensvt ocobennocmu ymenust, ompajica-
Iowue NOBLIUEHHYI0 KOZHUMuUGHYIo Hazpysky. Copmynuposanvl npeonodicenus no aoan-
mayuu yueOHblX Mamepuaios 0/ UHKIIO3UBHOU UHIICEHEPHOU WIKOJIbL.

Knrouesoie cnosa. aﬁmpemme, KOcHUmMuU6HAsA HacpysKa, CmyOEHmbl C Hapyutenuimu ciyxa,
y'—t€5Hbl€ Mmamepuaiisl, Memoouyeckue mamepuajibl

Beenenue. l3yueHne KOTHUTHBHBIX IPOLECCOB Y CTYICHTOB C HapyLICHUSMH
cllyXa WMeeT MpsSMOe OTHOLICHHWE K aJanTallii METOJUYECKUX MAaTepHalIoB.
AWTPEKUHT MO3BOJISIET BBIIBUTE OCOOCHHOCTH BOCTIPHUSTHS MUCBMEHHOTO MaTepu-
ana Juid KOPPEKTHOM ajanTallMyd MaTepHalioB C y4eTOM OCOOEHHOCTEH palboThI
¢ yueOHo# nHdopmanueii [1].

MeToabl M MaTepUaJbl;, pe3yabTaThl. B nuccnenoBanuu yyactsoBanu 74 cty-
JICHTa C HapyIICHUSIMHU ciiyxa ¥ 65 cTyzeHToB 0e3 HapyuieHuil. Vcmonb3oBanuch
JIBa TEKCTa. HApPAaTUBHBIN HEY4YEeOHBIH M ONMUCATEIBHBIA yUeOHBIN, YTO TTO3BOJIIIO
CPaBHHUTH KOTHUTHBHBIE OCOOCHHOCTH PabOTHI ¢ pa3HbIMH TeKcTamu [2, 3].

AHanm3 pe3yNbTaToB aNTPEKHHIa BBISIBHII CYLICCTBECHHBIC Pa3Inuus MEXIY
rpynnamu. Y CTYJCHTOB C HapyLICHHEM CllyXa HaOJI0AaINCh!

— Oonblliee KOMMUYECTBO (PUKCANUI M YBEIHUYCHHAS UX CPEIHSIS JUTUTEILHOCTD,
YTO OTpaKaeT HeOOXOJUMOCTh OoJiee rTyOoKoi 00padboTku cios [1];

— BO3pOCIIasl J0Jsl PErPECCUBHBIX CaKKal, CBUICTENbCTBYIOUIMX O AOIOJIHU-
TEIBHBIX YCHIMSX 110 MHTErPAllUK POYUTAHHOTO B KOHTEKCT [1, 2];

— YMEHBUICHHBIH AMAMETp 3payka, TPAKTyeMbI Kak HMHIUKATOP BO3POCIICH
KOTHUTHBHOW KOHIIEHTpanuu [4].

[Ipu uTeHWU HEy4eOHOro TEKCTa BBISBICHBI 0oJiee BBIPAKCHHBIC Pa3IUYMs
[0 JUTMTENIBHOCTH (HUKCcaluil ¥ 00IIeMy IyTH CKaHUPOBAHUS y TPYIIIBI CTYJCHTOB
C HapyLICHUSIMH CIIyXa, YTO yKa3blBAaeT HA YBEIMYCHUE HArpy3KH 0OpaboOTKH Ma-
Tepuana. B yueOHOM TekcTe pa3iuuus MO0 KOJMYECTBY (PUKCALUH CHUXKAIMCH, HO
COXpaHsiach OOJNBIIAsT CPEIHSS JUIMTEILHOCTh (PUKCAIMI Y TPYIIBI C HAPYIICHU-
SAMHU cilyXa. DTO MOATBEPKIAET, YTO KOTHUTHBHAS Harpys3ka y TaKWX CTYJCHTOB
ocraeTcs BblIIIE IpH padoTe ¢ IF00BIMU THIIAMU TEKCTOB.
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O6cyxnenue. [lomyyeHHbIe JTaHHBIE COTIIACYIOTCS C pE3yJIbTaTaMH MEXIyHa-
POIHBIX HCCIICIOBAHUN O CTPATETHAX YTEHHs Y TIIyXUX M CIA0OCHBIIIAINX CTY-
nenToB [2, 3]. OcHOBHas cTparerusi — ACTaJM3MPOBAHHOE PACIIO3HABAHHE CJIOB
C OTIOpOW Ha PErpeccHy U KOHTEKCTyalbHbIC BO3BpaThl. Takoe moBeeHue odecrie-
YMBaeT KOMIICHCALUIO JeHUuTa CIyXOBOH MHPOPMAILMH, HO TpeOyeT AOMOJIHU-
TEJIbHBIX KOTHUTHBHBIX PECYPCOB.

3akmouenne. VTorn mccinenoBaHusl OMPEACISIOT Psi METOANYECKUX PEKO-
MEHIAIu;

— MIPEIBapPUTEIBHOE BBE/ICHUE KIIFOYEBOW JICKCHKA W TEPMHHOB (aKTyasm3a-
M, TJII0OCCAPHH, KPaTKUE ONPEICICHHS) Il CHI)KCHHSI BpeMEHH (DHKCaIHi;

— CTPYKTYPHPOBaHHE MaTepHaia, o0Jerdaromiee BO3BpaThl K TEKCTY;

— IpeJICTaBIICHHE MaTepuaia HeOONbIIMMHU (QparMeHTaMH, CHIKAoIIee
Harpy3Ky Ha pabodyro MamsThb.

Takum 00pazom, IpUMEHEHHE JaHHBIX aUTPEKUHTa CIIOCOOCTBYET ajamnTaiuu
METOANYECKUX MaTepUaNIOB M MOBBINACT 3()(HEKTUBHOCTh 0OYyUEHHS CTYJICHTOB C
HapyLIEHUSIMH CIyXa B MHKCHEPHOMU IIKOJIE.

CnuUcoK UCTOUYHUKOB
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@unuan A0 «OfJK» «HUW/]», Mockea, Poccus

Annomauus. [Ipeocmasnenvt 0CHOGHbIE NOJOIHCEHUSA HOBO2O NOOX00A NO NOO2OMOBKE Bbi-
COKONPOGhECCUOHATIbHBIX UHICEHEPHBIX KAOPO8 TEXHON02UYECKOl HaNnpagieHHOCmuy Ha ba-
se guruana AO «OLK» «HUW/[». Vkazanvl npeonocvliku noseienus npoekma, oopaso-
samenbHble  MEXHOAO2UU, CYMb, YVCI08USL U  PEe3VIbMAmvl  peaiu3ayuy  npoexkma
«Mazcucmp+» 6 nepuood ¢ 2022 2. no 2025 2. 6 x00e 0byuenus Cmyo0eHmos Masucmpamypol
3-x ynugepcumemos.

Kniouegvle cnoea. noozomosxka kaopos, kopnopayusi, 06pa3zoeamenbHblil NPOeKm, mazu-
cmpamypa, npoQuibHAs OP2aHU3AYUsL, NPAKMUYECKAsl NOO20MOBKA

Beenenue. Borpoc nedunnTta HHXEHEPHO-TEXHUYECKUX KapOB ISl IPEATIPUSATHIA
00OpPOHHO-TIPOMBILINIEHHOTO KOMIUIEKCA B YCIIOBHAX 00€CHEeUeHHs HAllMOHAIbHOM
0e30MacHOCTH CTPaHbl OCOOCHHO aKTyajeH. B 3To#l CBsA3M, MpPENokKeH HOBBIN
MPAKTUKO-OPUEHTHPOBAHHBIM MOAXOA MO MOATOTOBKE 332 KOPOTKHH CPOK BOCTpeE-
OOBaHHBIX HMHKEHEPHBIX KaJPOB TEXHOJOTMYECKOW HAMPaBICHHOCTH I TPEe.-
npustiii Kopnopanuu mo nporpaMMamM MarucTpaTypbl, YUUTHIBAIOMINX crenuu-
Ky NPOHU3BOICTBA, B (OpME MNPaKTHUECKON MOATOTOBKM Ha 0Oaze ¢dummama AO
«OK» «<HUN/1» — mpoekTt «Maructp+».

MeToabl 1 MaTepHAJIBI; Pe3yJbTAaThl. 3allyCK IpoeKkTa «Maructp+» cocTosu-
csi B 2021 r. mocne aHanm3a BOCTPeOOBAHHOCTY WHIKEHEPHBIX KaJIPOB Ha MPEATIPHUs-
tusix Kopropaiwu [1] U pakTopoB, crioCOOCTBYIOMIMX COXPAHEHHIO MX JeduInTa,
TaKMX KaK HECOOTBETCTBHME COIEP)KaHMsI 0Opa3oBaTEeNbHBIX IIporpamMmam TpeOoBa-
HUSIM paboronaTeneid, cnabas MpaKkTHYECKasl IMOATOTOBKA BBITYCKHUKOB U JIpyTHe
[2], B pesynbrare yero aupekrop pmwmana AO «OIK» «HUW/I», nokTop TexHnue-
ckux Hayk IlaBmuanu Cepreit IletpoBuy mpeyioxun U — MPOBOIUTE OOyUCHHUE
CTYJICHTOB MarucTparypbl B JopMe MPaKTUIECKOM MOATOTOBKU Ha 0a3e MpodUIbHBIX
HAay4HO-HCCIIEOBATENbCKAX OpPraHU3aldi, SBILSIOIINXCA HE TOJIBKO HOCHUTEIAMHU
(hyHIaMEeHTaNbHBIX W TPHUKIATHBIX 3HAHUM, HO W TEXHOJOTMYECKUMH JHACPAMHU
U pa3pabOTYMKaMH HOBBIX ONEPEKAIOIIMX TEXHONOTMH. Takoil opranmzauued Iy
Kopnoparmmu 6su1 npeioxkern puman AO «OIK» «<HUWI», BpicTymaromuii B mpo-
€KTe IPOQUILHOM OpraHu3aIieil Mpu OpraHu3aliy MPaAKTHUSCKON MTOATOTOBKH.

OCHOBHBIMH OTIMYHUTEIBHBIMA OCOOCHHOCTSIMH NpoekTa «Maructp+» sBis-
IOTCS: KOPOTKHH CPOK TMOArOTOBKH (2 roja); TeXHOJIOTHYECKash HAlpaBICHHOCTb
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MPOeKTa;, 00y4YeHrEe «B3POCIBIX» JIIOJIEH, CAETaBIINX OCO3HAHHBINA BBIOOp Ipodec-
CHUM — MHUHUMH3AIIMs PUCKA OTKa3a paboTaTh Ha MPEANPHUITHU MOCTe 00ydeHHs;
0a30l MpaKkTHYECKON MOATOTOBKH SIBISETCS HE MPOU3BOJICTBEHHOE MPEANPHUSTHE,
3aHATOE BBITIOJHEHHEM IPOM3BOJCTBEHHOTO IUIaHA, a TPHUKIAIHOW OTPACIEBOM
WnctutyT, paspadorannas cnenuanucramu HUWJ] cnenmansaas Ilporpamma
NPaKTUYECKOW MOATOTOBKH; CONPsDKEHHE OOYYEHHS C TPYAOBOH IESTEIBHOCTHIO
B HUW/I; mocTosiHHbIi KOHTPOJb (Bamupaus) o0pa3oBaTeIbHON ACATCIBHOCTH Ha
JTanax MpOeKTHPOBAHMS M pPealn3aluy aJalTUPOBAaHHBIX 00pa30BaTENILHBIX MPO-
TpaMM MarucTpaTyphl; BHIIOIHEHNE CTYACHTAaMH CIY>KeOHOTO 3a/jaHusl paborona-
Tess B epuof oOydenus Ha 6aze HUM/I; HacTaBHUYECTBO IO MHAMBUIYAIBHOMY
IUIaHy .

C Hauasa peanm3alyy npoekra «MarucTp+» ocyuecTBiIeHo 3 Habopa CTyIeH-
TOB C ydyacTHeM Tpex yHuBepcureToB. B 2022 r. peann3oBaH NUIOTHBIA MPOEKT
coBmectHo ¢ MI'TY um. H.D. baymana [3]. YpoBeHb npodeccnoHanbHOM| MOAro-
TOBKH BBIITYCKHUKOB TIJIOTHOTO MPOEKTA MOATBEPKACH OTIMUYHBIMU OLIEHKAaMHU Ha
samute BKP, Harpagamu 3a Hay4HyIO AESTEIBHOCTD, MyOJMKAMAMU B BEAYIIUX
Hay4HBIX XypHanax. Habopsr 2023 r. u 2024 r. ocymIecTBISUIUCH 1O/ OTPEOHO-
ctu npeanpustuii [IK «Camor», [TAO «OAK-YMIIO», «OKb um. A. Jlronpku»
B MI'TY um. H.O. baymana, Y pumMcknii yHuBEepCUTET HayKH U TexHoJorun, MAU.
Bce BoinyckHHKH mpoekTa nepBoro (8 ven.) u Broporo (3 uern.) HaOOpoB MpoaoII-
JKWIN CBOIO TPYJIOBYIO AESATEIBHOCTh HA peanpuaTuax Kopnopanun.

3akimouenue. [I[pruMeHeHne MOIX00B, 3aJI0’KEHHBIX B MPOEKTe «Maructp+»,
MO3BOJISIIOT 32 KOPOTKUH CPOK MOJATOTOBHTH MH)KEHEPOB-TEXHOJIOTOB C IpaKTHYe-
CKHMH HaBBIKAMH W ONBITOM PabOTHI, CIIOCOOHBIX C BBICOKOH 3(()EKTUBHOCTHIO
COIIPOBOXK/IaTh 0A30BbIC U BHEAPSATH HOBBIC MEPCIICKTUBHBIC TEXHOJIOTHH B MPOM3-
BOJICTBEHHBII TPOIECC, BBIPACTUTH CIIENMAINCTOB, KOTOPBIX HEBO3MOXKHO HAWTH
Ha PBIHKE TPYy/a, IOCKOJIBKY OHU OYyyT MOATOTOBJIEHBI IO/ CHENH(PHUKY KOHKPET-
HOTO MPEATIPUATHSL.

Cru1coK UCTOYHUKOB
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Pa3paboTka wabnoHa gawbopaos Ha Visiology
AN NopnepXKu 06pa3oBaTesibHOM aHANIMTUKU
M NpeanpPUHUMATENIbCKOrO0 MbILLJIEHUSA B By3aX
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MITY um. H.3. baymaHa, Mockea, Poccus

Annomauun. B cmamve paccmompena poib 0aubopoos 6 00pazoeamenbHoU AHATUMUKe KaxK
UHCIPYMEHMA NOBbIUEHUS NPO3PAYHOCTNU U YIPAGIAEMOCHU 00PA308AMENbHBIX NPOYECCOs.
Tloxazano, umo ucnonb3o6anue UHMEPAKMUBHLIX NaHelell No360Jaen He MOIbKO OMCIediCU-
6amp Ko4egble NOKA3ameny U OUHAMUKY 6bINYCKO8 CIMYOEHMO8, HO U GblAGIAMb NPOOIeMHbIE
30HbL U COYUANbHBIE PAKMOpbL, GUAIOWUE Ha ycneuHocms ooyuenus. [Ipedcmaenen pazpabo-
mannbil 6 cucmeme Visology wabaon «llokazameny 8binycKka», GKIOYAIOWULL KIIOYeGble UH-
OUKAMOpbl, UePapXUtecKyio madauyy, meniogylo Kapmy u Ouaspammy.

Knrouesvie cnosa. obpazosamenvuas anaiumuka; 0awboposl; yugposas mpancgopma-
yust 00paA306aHUsL; NPUHSIMUE PEULeHUIl HA OCHOBE OAHHbIX

Beenenue. L{udposas tpanchopmanns pocCHHCKON 3KOHOMHKH OOYCIOBIHBAET
HEOOXOAMMOCTh aJalTallid CHUCTEMbI K HOBBIM YCIIOBHSIM, KOTOpPOW, BBHUIY BO3-
MOYKHOCTH BJIMATh Ha CTPYKTYPY M KadecTBO paboyel CHJIbI, HY>KHO HE TOJBKO
OTBeYaTh Ha BHEIIHWE BBI3OBBHI, HO U OBITH JIpaiBEpOM MO3UTHUBHBIX M3MEHEHWH.
Jo6uThcst 3TOro BO3MOKHO € MOMOIIBIO BHEAPEHUSI TEXHOJIOTHUYECKUX PELICHUH,
KOTOpBIE TIO3BOJISIIOT TOBBICUTH YTIPABIAIEMOCTh 00pa30oBaTEIBHBIM IPOIIECCOM
Y TEM CaMbIM YBEIHYHUTH €0 3PPEKTHUBHOCTS.

MeToabl 1 MaTepuaJibl; pe3yabTaThl. Mcnonbp3oBaHue JamodopaoB B o0pa-
30BaTesbHOM Tiporiecce 0b110 BeicoKO oreHeHo K.K. Cupbumanze u T.C. IlonoBoit
[1]. B psime mpeuMyIecTB OHU BBIICISIOT HE TOJBKO BO3MOXKHOCTh MOHHTOPHHTA
nporpecca CTyIGHTOB, HO M BBISBJICHHs HPOOJIEMHBIX TOUEK U ONpeAeieHus 3¢-
(heKTHBHBIX METOJIOB O0OYUYCHHUSI.

W3yuas ”HOCTpaHHBIN OIBIT, MOXKHO 3aMETUTh, YTO 3apyOeKHbIE YHUBEPCUTE-
THI aKTHBHO MCTIOJNB3YIOT JAMIOOPABI ISl yIIpaBiIeHNs: 00pa3oBaTeIbHBIMHU IPOIIEC-
camu. Tak, Harmpumep, Ha caiite ['ocynapcTBenHoro ynusepcurera Munn Tennec-
CH TIPEJICTABJICH MIMPOKHIA HaOOp aamdopaos [2].

OnuuM U3 HUX sBisercs gamoopa Graduation Rates [3], koTopslii mo3BossieT
OTCIIE)KMBATh TIOKA3aTEIH BBITYCKA CTYIEHTOB.

OnHoit u3 Haubosee pa3Buthix Bl-cucrem B Poccun sinsiercst Visiology [4].
[Mpeanaraemelii mabnon-gamobopaa «llokazaTenu BBIMyCcKa» HMeEET CIeXyFOIIUH
B (cM. pucyHOK). Takasi BU3yanu3anus HO3BOJISIET MTHOBEHHO BBISIBUTH Han0o-
Jlee MaccoBble OOpa3oBaTeNbHBbIE HAIpPaBJIEHUS U COOTHECTHM WX BKJIAJ C Kade-
CTBEHHBIMH MOKa3aTEISIMU, IPECTABICHHBIMU Ha PUCYHKE.
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SneKTpOIHEpreTHA HedTerasonoe Aeno ABTOMATHIAUMS

Jaw6oppa-wabnoH Ha Visiology

3aBepIIaroM 3JeMEHTOM Jalbopa sBiseTcs croa04aras Auarpamma, je-
MOHCTPHPYIOIIAasi IPOICHT HANPABICHHS [TOKA3aTEIISIMU BhIITYCKA.

3akaouenue. Vcmonp3oBanre 1amoopIoB B 00pa30BaTeILHON aHATUTHKE JIe-
JIaeT MpoIiecchl 0oJiee MPO3paYHbIMU U yIipaBisieMbIMu. Pa3paborannsiii B Visiology
1a0JIOH JIEMOHCTPHPYET, KaK OOBEAMHUTH KIIOYEBBIE TOKA3aTeH W CPaBHEHUS
B €IMHOM UHTepderice A1 MOIEPIKKU IPUHATHS pelieHuit. BHeapenue momo0HbIxX
pelIeH MOXKET CTaTh BKHBIM IIAroM B ITU(PPOBOH TpaHCHOPMAIIUN POCCUHACKOTO
obpazoBaHMS.
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Annomauyusn. Paccmampusaemcs paspabomra u anpooayus MemoouKku ceumupuyuposan-
HO20 00pazosamenvHo20 mapagona 01a maccogozo obyuenus |T-unowcenepos pabome
¢ Bl-uncmpymenmamu npu oepanuuennvix pecypcax. Ycmanosneno, umo couvemanue uepo-
BbIX MEXAHUK, UHMEPBATIbHOU CIPYKMYPbl U KOIEKMUBHO20 00MeHA 3HAHUAMU 0becneyu-
8aem 6bICOKYI0 MOMUBAYUIO U NPAKMUYECKYIO Pe3VIbMAmueHocmy. [annvie 8616006l 6e-
puduyuposanvl dKcnepumenmanvHeiM  nymem na evibopke u3 80 cneyuanucmos
NPOOEMOHCIPUPOBANA CHUNCEHUE YUCIA OWUDOK, POCH KAYecmed aHalumuiecKux apme-
Gpaxmos u hopmuposarue eOUHO20 KOCHUMUBHOZO NPOCMPAHCINGA 8 OP2AHUZAYUU.

Kniouegvie cnosa: zeimugpuxayus, oopazoeamenvbublii Mapa@ou, KopnopamusHoe ooyue-
Hue, buzHec-aHarumuxa, yugposas mpancgopmayus, momusayus, | T-unsicenepol

Beenenne. CoBpeMeHHbIH 3Tan nugpoBoii TpaHchopMauyu 00yCIOBIMBaEeT HE0OXO-
JUMOCTb YCKOPEHHOTrO ()OPMHPOBAHUS KOMIETEHIMH y CIELMAINCTOB B 001acTé
aHanM3a ¥ MHTEPIpPETaliH JaHHBIX. B ycnoBusX pacTymiero odbema HHpOpMaIUH
U YCIOXXHEHHS MHCTPYMEHTAJIBHBIX CPEACTB aHAJIMTUKU NAHHBIX TPaJWLOHHBIE
bopmbl 00yueHHs (JICKIIMOHHBIE KYPChl, CEMUHAPBI, OUHBIC TPEHUHIU) IEMOHCTPH-
PYIOT OrpaHHYCHHYI0 3(P(EKTUBHOCTh BCIICJICTBUEC BBICOKOW PECYpCOSMKOCTH
¥ HU3KOTO YPOBHSI MOTHBAllMOHHOTO BoBiedeHHs [1]. Bonee Toro, B oTedecTBeH-
HOU TpaKTHKe QUKCUPYIOTCS TPYAHOCTH, CBSA3aHHBIEC C KOTHUTHBHBIMH U TICHXOJIO-
THYECKMMHU OapbepaMy BOCIPHUATHS WHHOBALIMOHHBIX TEXHOJIOTHH, YTO CHMXKAeT
TEMITbl UX BHEJPCHHUS B KOPIOPATHBHYIO cpeay [2]. B 3Toit cBsi3u 0cobyro akTy-
aNBHOCTh TNpuoOpeTaeT pa3pabOTKa METOAMK, OO0ECIEeUMBAIOIIMX MaclTabHOe
U pe3yJbTaTHBHOE OOy4YeHHE NMPH MHUHHUMAJBHBIX H3AEP)KKaX OPTaHU3alMOHHOTO
Y KaJPOBOT0O XapakTepa.

Metoabl U MaTepuaJibl, pe3yabTaThl. [Ipeanaraemslii moaxon Gasupyercs
Ha KOHIEMIIUN TeHMHUQPHUIIMPOBAHHOTO 00pa3zoBareabHOr0 MapadoHa, IpencTaB-
JISIFOILETO COOOM ANMTENBHBIN MOATANHBIA UK OCBOSHHSI PAKTHYECKUX HABBIKOB
C MCIOJIB30BaHNEM UTPOBBIX MeXaHUK. KiltoueBble 31IeMEHThHl METOIMKH BKJIIOYAIOT
WHTEPBAIM3AINI0 00pa30BaTEIBHOTO MpoIlecca, MPUMEHEHHE CHCTEM OaylIbHOM
OLICHKH, PEUTHHIOBBIX MEXaHW3MOB U TOOLIPUTEIHHBIX CTUMYJIOB, a TaK)Xe Opra-
HU3AIUI0 TOPU30HTAIBHOTO OOMEHA 3HAHUSIMH B TPO(PECcCHOHATFHOM COOOIIECTBE.
[MomoOHas cTpyKTypa MO3BOJSET CHU3UTh KOTHUTHBHYIO Harpy3Ky, MOAICPKUBATh
BBICOKMI ypOBEHb MOTHBALMM 3a CYET COPEBHOBATEIBFHOCTH U (HOPMHUPOBATH
yCTOH4MBBIE TTPOGECCHOHANBHBIE KOMIIETEHINH. 3apyOeKHbIE SMIHUPUIECKHIE FIC-
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CIIEIOBAaHMS JEMOHCTPUPYIOT, YTO MHTErpaIsl rediMUpUKAIIN B KOPIIOPATHBHBIE
HpOrpaMMBbI CIIOCOOCTBYET POCTY BOBIICUCHHOCTH M AP PEeKTUBHOCTH 00y4eHus [3],
MIPH 3TOM MOAYEPKUBACTCS HEOOXOIUMOCTh ydeTa OTPaHWYCHUN JAHHOTO MOJXO-
Jla, CBs3aHHBIX ¢ 3((HEKTOM NPUBBIKAHUS W CHH)KCHUEM BHYTPEHHEH MOTHBAIIUU
npy U30BITOYHOM aKIIEHTEe Ha BHEIIHUE CTUMYJbI [4]. [laHHbIe BBIBOABI Bepu(u-
[IUPOBAHBI HKCIIEPUMEHTAILHBIM ITyTeM Ha BbIOOpKe 13 80 COTpYIHUKOB B TeUEHUE
YEeThIPEX MECSAIEB, MOKa3aja IMOJIOKHUTEIBHYIO JIMHAMUKY. KOJUYECTBO OIIUOOK
B aHAJMTUYECKUX apTedakTax coKparuiock Ooiiee yem Ha 60 %, ucronb3oBaHue
MeTanH()OPMALIMK YBEIUYHIOCh B BOCEMb pa3, YHCJIO CICIHATUCTOB, OCBOUBIIHNX
MPOJABUHYTHIC METOABI pabOTHl C JaHHBIMH, BO3POCIO TOYTH BTpoe. [lormonHu-
TeNhHO 3a()MKCHPOBAaHO CHIDKEHHE HATPY3KH Ha MH()OPMAIMOHHYIO WHPPACTPYK-
TYypy ¥ YCKOPEHHE YIIPABICHUYCCKHUX MPOLEAYP; PE3YIbTaThl aHKETUPOBAHUS TTOKA-
3amu, uto cBbime 90 % y4YaCTHHMKOB TOJOXHUTEIBHO OICHIIN IPEITI0KCHHBIN
(dhopmar.

3akmouenne. TakuM oOpa3oM, reiiMupuIMpoBaHHBIN Mapad)OH MOXET OBITh
OXapaKTepu30BaH Kak I(PQPEKTUBHAS METOJOJOTHS KOPIIOPATUBHOTO OOydYeHUS,
oOecrnieunBaronasi COUYCTAHHE MHHUMAJIBHBIX PECYPCHBIX 3aTpaT M BBICOKOW pe-
3yJIBTaTUBHOCTH 00Pa30BaTENbHOTO mporecca. [IpakTuueckas 3HAYMMOCTh METO-
JIUKY 3aKJII0YaeTCs B BO3MOXKHOCTH €€ MacCIITaOUPOBaHMS Ha ITUPOKUHN KPyT 3a1a4
1upoBoit TpaHchOpPMAIUK, YTO TO3BOJISICT PACCMATPUBATH JIAHHBIN MOJXO]T B Ka-
YeCTBE MEPCIICKTUBHOTO HANpPAaBIICHUS B 00JIaCTH 00pa30BaTEIBHBIX TEXHOJOTHI
st UT-uHxeHepos.
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Annomayun. Ha ocnose onvima nposedenuss cobecedosanuti ¢ xomnanuu OO0 «Anu-
Oexc.Texnonozuu» Oviiu GbIAGNEHbL U YACMUYHO PEUleHbl CIONCHOCHU, C8A3AHHbIE C KOM-
MYHUKAYUAMU 80 8peMsl c0Oeced08aHuUsl cladoCIbluamux Kanouoamosg. B pabome oaromcst
peKoMeHOayuu no NOCMpPOeHUo 3PHEKMUGHOU KOMMYHUKAYUL KOMAAHUY U CIAOOCTbIA-
we2o KaHOUOAma ¢ UCHOIb308AHUEM COBPEMEHHBIX ACCUCTIUBHBIX MEXHON02UU U MEXHOIO0-
2uil UCKYCCMBEHHO20 UHMELIEKNA.

Kniouesvie cnosa. unxniosus, crabociviwawue moou, yupposas mpanchopmayust, mpy-
00yCmMpoUCcme0, KOMMYHUKAYUU

Beenenue. Cerogns naxe B KpynHbIX | T-KOMIAHUSX 4acTO HET HaJla)KEHHOM cxe-
MBI 3(h(PEKTUBHBIX KOMMYHHKAITAH CO CIA0OCIBIMANTIMHI KaHAUIaTaM{ B TIPOIIEC-
ce MpOBEIECHMs TEXHUUECKUX coOece10BaHnH.

MeTtoasl U MaTepuaabl; pe3yabTaThl. [Ipu mpoBenennn cobecenoBaHuii co
ciabocibIIaliMy KaHAWaTaMi BO3HHKaeT psija cioxHocTeld. HecBoeBpemen-
HOE€ WJIN TIOJIHOE OTCYTCTBUE MH(OOPMUPOBAHUS 00 0COOEHHOCTSAX B KOMMYHHKa-
[USX MOXXET 000pavyMBaTHCA HETATUBHBIMH ITOCIE/ICTBUSIMH, JaHHBIE KOMMYHH-
KaTUBHBIE TPYOHOCTH MOTYT BOCIPUHMMATBCS KaK <«HEKOMIETEHTHOCTBY.
ITocTosiHHOE OTBJICUEHHE KaHAUAATA HAa CypAONEPEBOA pedn 0e3 MpenBapUTeib-
HOTO TpEeAYyNpPEkACHUSI BOCTIPUHUMAETCSI cOOECeYIONIMM KaK COMHHUTENIBHOE H,
BEPOSATHO, HEJOIyCTUMOE NoBeAeHne. VIrHOpupoBaHue BPEMEHHBIX HU3JEPKEK Ha
JIOTIOJTHUTENIbHBIE Pa3bsICHEHHS WA Mepexo] B MUChbMEHHBIA (hopMaT KOMMYHH-
Kalui B mpolecce codeceqoBaHNs NPUBOAUT K HEPAaBHONPABHOMY OLICHHUBAHMIO.
daxTruecku 3aTpayuBaroTcs OoT S5 10 10 MMHYT OOMOJIHUTENBHOTO BPEMEHH,
B cutyanuu ¢ 60-MuHyTHBIM cobeceoBanneM 3To 16,6 % obuiero BpemeHu, Ko-
TOPBIMH KaHAMJAT HE 00JafaeT, YTOOB! MOTHOCTBIO PACKPBITh U NMPOJEMOHCTPU-
pOBaTh CBOIO KBaMM(HUKAINIO U TIOTEHIIHAT.

VY caMux KaHAWAATOB BO BpeMs cOOECEA0BaHUsI MPOSBISAETCS CTPax CTUTMBI —
OKMJaHue, YTO TeOs HETaTUBHO OLICHSAT, OTTOJIKHYT MM OyIoyT TUCKPUMUHHUPOBATE.
IIpu 3TOM CyIIecTBYeT MO3UTHBHAS AMHAMHKA PAa3BUTHS KOPIIOPATUBHBIX KOMMYHH-
Kalui A7 TPYAOyCTPOHCTBA C1a0O0CbIIAIINX KaHAUIATOB, 3TO CBSI3aHO C OIBITOM,
HOJTy9YE€HHBIM BO BpeMeHa COVid-19: muorue | T-KoMIaHuu MOTyYHIA OIBIT YAAJICH-
HO pabOTHI U CEPbE3HO TEPECMOTPEIH MOAX0AbI B KOMMyHHKanusx [1]. Habmoxa-
eTCsl TPEH]I Mepexo/ia K aCHHXPOHHOMY KaHaly KOMMYHHKauuid (oOMeH uH(popmMa-
IIMeH, IpU KOTOPOM YYAaCTHHUKH B3aMMOJIEHCTBYIOT HE B pEaJbHOM BpeMeHH, 0e3
HEOOXOAMMOCTH OJHOBPEMEHHOTO MPUCYTCTBUS). MUHUMH3UPYETCS HEOOXOu-
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MOCTb OIepaTuBHOrO 0OMeHa uHdopmarmeii. [To ncenenoBanusim komnanuu Buffer,
75 % ynaneHHbIX paOOTHUKOB TPATAT Ha BcTpeun 10 10 yacoB B Henenio [2].

Bonbmoit mporpecc B o0mactu HelpoceTell MO3BOJSIET JIETKO JeNaTh TpaHC-
KpHOUpOBaHWE, TPOTOKOJIMPOBAHUE U TMOJBEICHHE WTOTOB BCTpEd M aBTO-
cyOTuTphl B X0ne obcyxxaeHus. OAHO W3 PEBOJIOLMOHHBIX BIMSHUNA TOCIEIHUX
net — oo nossiaenne momenu Whisper or OpenAl [3].

[MpuHKuMast BO BHUIMaHHE OCO3HAHUE CO CTOPOHBI KOMITAaHHUH JaHHOM mpobiema-
TUKH, UX TOTOBHOCTh K aCHHXPOHHBIM KOMMYHHKAIIUSM, & TAKXKE MIPOPHIB B 00JIaCTH
HeWpoceTel, MOKHO YTBEP)K/IaTh, UTO CEro/iHs B POCCHMM BO3MOXKEH KapJMHAIBHO
HOBBI YPOBCHb B3aMMOTIOHUMAaHUS MEXKTy KaHUIaTaMU U pabOoTOAATeIIIMU O1aro-
Jlapsl HECIIO)KHBIM U3MEHEHUSIM B TIPOIIeCCe OpraHu3aliy HaiMa.

3akiiouenue. M3MeHeHUs MOCIEAHUX S JIET B MOAXO0/AaX K MOCTPOCHUIO KOM-
MYyHHKAIlMii BHYTPU KOMITAHWU W 3HAYUTEIBHBIA MPOrPECC B Pa3BUTUH HCKYC-
CTBEHHOTO WHTEJUICKTA MO3BOJISIIOT HUBEIMPOBATh CIOXHOCTH B KOMMYHHKAIIHSIX
MEXAy clabocTbIIalM KaHIuaaToM 1 padotogareneM. CrenaTh 5TO BO3MOXKHO
C MUHMMAJbHBIMH (PMHAHCOBBIMH, BPEMEHHBIMH M OPTraHU3aI[MOHHBIMH H3JEPIK-
kamM. UTo Ha JaHHBI MOMEHT BO3MOKHO MPEANPHHATH, YTOOBI AOOUTHCS Oonee
3¢ PEKTUBHBIX KOMMYHUKALMA?

Jiist kKaHIUIaTa 9TO CIeTyIONe PEKOMEH AN

1. He GosiTbcsi CTUTMBI — HEOOXOJMMO OTKPBITO 3asBJSATH PabOTONATEIIIO
00 0COOEHHOCTSX ciayxa. YiKe He PeJKOCTbh, KOT/la KOMIaHHs NMEET WHKITFO3UBHOE
HarpaslieHHe ¥ HHQOPMHUPOBaHa O CrelU(UKe, CBI3aHHOW ¢ OCOOCHHOCTSIMH 3J10-
POBBS KAaHTUAATOB [4].

2. TIpy HEOOXOIUMOCTH TIPOCUTH AYOIUPOBATh HH(MOPMAIUIO B TEKCTOBOM
BUJIC.

3. He crecHAThCA TPOCHUTH TOBTOPUTH WM 3allpallldBaTh JOMOIHUTEIHEHYIO
WH(OPMAIIHIO, TPHMEPHI.

4. lo nauana cobecenoBaHusi mpeaynpeauts o6 ucmnons3zoBanuu [10 cypro-
MepeBoa, YToObl OTBIIEYEHHWE HA HETO HE BOCIPHHUMAIIOCH KaK «CIMCHIBAHHE
WJIN CTPaHHOE TMOBE/ICHHE.

B cBoro ouepens, paboTomaTento HEOOXOIUMO OOECIIEYUTh YCIOBUS IS d(h-
(heKTUBHBIX KOMMYHHUKAIIUH, CPeId KOTOPBIX MOTYT OBITh:

1. loroBopuTthcsl 10 Havana coOeceloBaHUS O CHeUUPHKE KOMMYHHUKAIUH:
HY’KEH JIH Tepexo/i B MICEMEHHYI0 pedb; MOIXOANUT JU THUOpUIHBIN (hopMaT, Tae
KaHAWJAaT TOBOPHUT M YHTAET, a coOeceqyIomuid CIymaeT U IedaTtaer, OyaeT Ju
UCIIOJIB30BaH B MPOLIECCE JOMOJHUTEIBHBIA COPT, KOTOPBIM KaHIUAAT HOIb3YEeTCs
Ut oOteHus (CypIaonepeso).

2. Ilpy BO3MOXKHOCTH BKIIOYHTH aBTO-CYOTHUTPHI.

3. lyOnmpoBaTh BCIO KITFOYEBYIO HH(POPMAIIHIO B TEKCTOBOM BHUJIE.

4. [lpexycMOTpETh JOMOJHUTEIBHOE BpEeMsi Ha IMPOBEACHHE BCTPEUH, T. K.
NHCbMEHHAs KOMMYHHKauus Tpebyert Oonblie Bpemenn — MuHumyM 10 % nomon-
HUTEJIBHOTO BPEMEHH OT OOIIEro BpeMEHU BCTPEUH.

5. Eciu BcTpewa mpoxXoIuT OHIAMH, 0053aTENIbHO HMCIONB30BAaTh KaMepy —
JIOJKHO OBITH BUAHO JIMIIO, YTOOBI KAHANAAT MOT «JOYUTHIBATEH» IO TyOaMm.
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Takum 00pa3oM, Ha CErOAHSAIIHUI JCHb CYIIECTBYET BO3MOKHOCTh PacIiupe-
HUSl MHTETPaIVK JIIoJIell ¢ 0COOEHHOCTAMU 3/I0pOBBsl B mpodeccroHanbuyto UT-
Cpely 3a CUeT yJy4IIeHUs: 0000 HON MOJrOTOBICHHOCTH KaHAMIATOB U pabOTO-
nareiieil K co0eceI0BaHMsIM.
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Annomayun. CmpemumensHoe NPOHUKHOBEHUE TMEXHOA0UYECKUX UHHOBAYUL 80 8ce cihe-
Pbl JICU3HU 00Wecmaea npedonpedeisiem GO3PACMAaHue ponu UHICEHepa. OH CMAHOBUMCS
KII04esol (pu2ypoil He MONbKO 6 AKMYWIbHbIX PA3PAbOMKAX Ce20OHSIUHE20 OHsl, HO U 8
mex, umo gopmupyiom 0yoywee mupa. Imo mpedbyem nepecmMompa nooxoo008 K noo2o-
MOBKE UHICEHEPHBIX KAOPO8, OPUCHMUPOBAHHBIX HAPSOY C MEXHUYECKUMU KOMNEMeHYUsl-
MU HA CMpame2uieckoe MbluleHue, MeNCOUCYUNTUHAPHOCIb, IMUKY U COYUATbHYIO ONl-
semcmeeHHOCMb.  Bvipabomka HOBbIX, HeCMAHOAPMHLIX NO0X0008 U MeXHON02Ul,
OMBEUAIOUWUX BbI30BAM COBPEMEHHOCTNU BO3MONCHA, €CIU UHIICEHED NOMUMO MEXHUYECKUX
SHaHWUl obnadaem MEOPHeCKUM MbluleHueM, cozoaem Oyoyujee uepes NpOeKmuylo Oes-
MENbHOCb, NO3UMUGHO GIUSISL HA OKPYHCAIOULYTO CPedy, IKOHOMUKY U 00uecmeo.

Knwuesovie cnosa. UHJICEeHED, MEeXHOoIocu4YecKoe Jm()epcmeo, KpeamueHoCnb, npoqbeccuo-
HAJIbHOE 06pa3060Hl/l6

Beenenne. CoBpeMeHHbBIE TEXHOJIOTMYECKHE TpaHC(HOPMALMM OTIMYaroTCs Oec-
NpELeeHTHOH CKOPOCTBIO, MAaCIITA0HOCTHIO M MYJIbTHANCIMIUIMHAPHOCTHIO. 1 10-
OanbHBIC BBI30BBI, TaKkue Kak pa3sutue MU, OnonHXeHepur U yCTOHUMBON 3HEpre-
TUKH, TPeOYIOT HOBOM MOJIEJIM HHXCHEPHOTo 00pa3oBaHUs, OPUCHTUPOBAHHON Ha
MOATrOTOBKY CHELHAINCTOB, CIIOCOOHBIX O0ECIEeYMBATh TEXHOJIIOTHYECKOE JIUICP-
CTBO CTpaHbI B BHICOKOKOHKYPEHTHO# MexkayHapoaHoit cpene [1, ¢. 8-10].
Umxenep oOpeTaeT HOBBIH CTaTyC: OH YK€ HE IPOCTO MCTIOIHUTENb TEXHUIECKUX
3a71a4, a CTPAaTErnueCcKUii JInaep, OTBETCTBEHHBIH 3a CO3aHUE CJIOKHBIX MHHOBALIOH-
HBIX PEICHUH M WX WHTETPaIMIO B OOLIECTBO. B 3TOl CBS3M BO3HHMKAET MOTPEOHOCTD
(opmupoBaHus 0Opa3oBaTeNbHON Cpeibl, Pa3BUBAIOLICH Hapsly ¢ mpodeccHoHab-
HBIMH HaBBIKAMH YTIPaBJICHUECKUE, STUIECKUE U TBOPUECKHE KOMIICTCHIIHH.
MarepuaJjsl 1 MeTO/bI;, pe3yJbTaThl. B Hauane XX| Beka akTyanuzuposai-
Cs TIOMCK, OPUEHTHPOBAHHBIM HA OATOTOBKY CHELUAINCTOB, CIIOCOOHBIX OTBEYATh
BBI30BaM OBICTpO MeHstomerocss mupa. Co3aroTcs yuyeOHbIE TPOTpaMMBbl, B KOTO-
pPBIX 0c000€ BHUMAaHHUE YIENACTCS MEKAUCHUILUIMHAPHOMY OOYYEHHIO OYyIyHIMX
MHXKCHEPOB, TO3BOJISIIONIEMY 3P (EKTHBHO pelniath KOMIUICKCHbIC 3amauu [2, 3].
PazBuTHe npodeccHoHaNBHBIX Ka4eCTB TIO3BOJISIET MIPOEKTHPOBATH, PACCUUTHIBATD
Y BHEAPSTH PELICHUS B COOTBETCTBHU C COBPEMEHHBIMH CTaHAAPTaMH, MPEAToia-
ralolIMMU YMEHUE aHaJIM3MPOBaTh OONBIION 00bEM JaHHBIX, BIAAETh MPOrpaMMma-
MU CO3JJaHHUsI BU3yaJIbHBIX MOJIeIIeH, NCI0Ib30BaTh IH(POBEIE HHCTPYMEHTHI. Pac-
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TET OCO3HAHWE BIHSIHUS WHXCHEPUU HA TpaHC(HOPMAIUIO 00IIecTBa, Mpemoiara-
I0Illee KOMIUIEKCHOE BUCHHE, CJICJOBAHUE STHYCCKUM MPUHIMIAM U CIOCOOHOCTH
K MHHOBALUSAM y OyIyIIUMX CHeNUaTnucToB. BMecTo pa3ienbHOro u3ydeHwus, Couu-
aTbHO-TYMaHUTapHbIE HAYKA WHTETPUPYIOTCS B yueOHbIE IUIaHBI Yepe3 MPOEKTHYIO
JEeATEIILHOCTh, MEKANCIUIUTMHAPHBIC MCCIICIOBAHMs, TOKa3bIBasi, KaK 9TH 3HAHUS
MPUMEHSIOTCS B peallbHBbIX HWH)KEHEPHBIX 3anadax. CoBpeMeHHass MOJENb WHKe-
HEPHOTo 00pa30BaHUs Pa3BUBACTCS B TPEX KIFOUCBBIX HAMPABICHHSX: a) MEKINC-
UIUTMHApHOE 00y4eHue (MHTerpanusi TeXHUYECKHUX, €CTECTBCHHO-HAYYHBIX U Ty-
MaHUTApHBIX AUCHUIUIMH, (pOPMHUPYIOMAs CHCTEMHOE MBIIUICHHE U CIIOCOOHOCTh
penIaTh CIOKHBIC 337a41 Ha CTHIKE HAyK); 0) COLMOKYJIbTYpPHBIEC aCTIEKThI HHKCHE-
pun (BKIIFOUCHHE B YIEOHBIN MPOIECC ITUKH, (PUITOCODUHU U COUOIIOTHH TEXHUKH,
OCHOB yCTOfI‘II/IBOFO pa3BUTUA, YTO IO3BOJIACT 6y[IyIHI/IM HWHXXCHEpAM OLICHUBATH
COLIMAJIbHBIC TTOCIICACTBHS CBOUX PELICHHN); B) pPa3BUTHE KPEATUBHOCTH M MPOCKT-
HOH JIeATEIBHOCTH C aKIIEHTOM Ha WHHOBAI[MOHHOE MBIIIICHHE U paboTy ¢ peab-
HBIMH KeiicaMHu IToMoTraeT Cco3aaBaTh TCXHOJIOTUHU, OPUCHTHPOBAHHLIC Ha FHO6aJIb'
HBIE BBI3OBHI [4, 5].

3akawuenne. B XXI| Beke nHxeHepHOE 00pa30BaHUE NEPEXOIUT OT Y3KOCIIE-
UAIM3UPOBAHHOM MOJrOTOBKH K (POPMHPOBAHUIO CTPATETHYECKU MBICIISIIUX CIIe-
IIAAJTUCTOB, CITOCOOHBIX K WHHOBAITUSAM, MEKIUCIUTINHAPHOMY B3aUMOICHCTBHUIO
1 COLMAJIbBHO OTBETCTBCHHOMY TEXHOJIOTUUCCKOMY JIMJACPCTBY. PazButne Kpe€aTuB-
HOCTH, HHTETPaIisl TyMAHUTAPHBIX 3HAHUIA M OPUEHTAIMS HA TI00ANBHBIC TPEH/IbI
CTaHOBATCA KIIFOUCBBIMU HAIIPaBJICHUAMHN MOACPHU3AHU.
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Annomayusn. B cmamve paccmampuaiomcs (Gakmopul, Giusiowue Ha Gopmuposanue
KOM@OPMHOU cpedbl HU3HeOesIMeIbHOCMU HACENeHUS 20p00d:. NPUPOOHO20, KYJIbIMYPHO2O,
UHppacmpykmypHo2o xapaxmepd, OOHUM U3 KOMOPGIX AGIAEMCA (DAKmop Ucmopuxo-
KYIbMYPHOU cOCmasnanuel; NOHAMUSA UCMOPUKO-KYIbIMYPHbBIU, UCMOPUYECKUll JaAHO-
wagm. B pabome npunama napaduema ucmopuueckozo 20poockoeo aanowagma.
IIpeocmasnenvt npuHyunvl COXpAHeHUs: UCMOPUKO-KYIbIMYPHBIX 00BbEKMo8 6 CmpyKmype
20p0o0a, ypoaHu3upoBanHoU cpede npueopooos.

Knrouesvie cnosa. xomgopm 20podCkoil cpedsvi, UCmMopuKko-KyJibmypHoe Hacieoue, ypoa-
HU3UPOBAHHAS CPedd, MePPUMOPUATLHO-QYHKYUOHATbHAS CIMPYKIMYPA, KYIbMYPHAsL UOeH-
MUYHOCHIb

BBenenue. PazpaboTka 1Mmoaxoma0B COXpaHEHHUST UCTOPUKO-KYJIBTYPHOTO JaHmmad-
Ta B TOPOJICKOH Cpejie UIMEIOT CBOIO HCTOpHIo. He gocTaTodHo uccieaoBaHHON 3Ta
npobiiemMa sSBISiETCs Il ropojia AJMAThl: apXUTEKTypHO-JTaHaa(THEIE 0cOOeH-
HOCTU TeppuTopun bopangaiickux kypraHos. McciaemoBaHus IaHHOTO BOIIPOca
MIPOBOJATCS HE OJHO AecATuieTne. TeM He MeHee MPUHLIUIIBI COXPAHEHUs JAHHOTO
00BEKTa B CTPYKTYpE TOPOAa OKOHYATEIHFHO He ObITH pa3paboTaHsbI.

B pabore mpunATa mapaaurMa HCTOPUYECKOTO TOPOJCKOrO JaHmmadTan
MOKa3aHO, YTO MCTOPUYECKHI acIeKT Kaxaoro (hakTopa YCHIIMBAaET €ro 3MOIIHO-
HanpHBIH. Ha coBpeMeHHOM 3Tane nudposuzaunu M moMoraer mccienoBatemto
B BAPUAHTHOM MOJICITUPOBAHUMU.

MeToabl U MaTepuaJbl, pe3yibTaThl. [Ipu onpenenennn pakypca muccieao-
BaHMsI ObUT BEIOpaH MCTOPUKO-KYJIBTYPHBIA NOAX0/. Ha HayansHOM 3Tame ucclie-
JIOBaHUS HCIION30BANACh OOIEHAayYHbIE METOJBI: cOOp MCXOMHOW HMH(popMaruu
(poTo, rpaduueckux MaTepruanoB) HaOIIOCHUE, METO] CPABHUTEIBHOTO aHATH3A.

CerojHs npeaNpUHUMAIOTCSI MHOXKECTBO JEHCTBUH ISl COXpAaHEHMsI LIEJOCT-
HOCTH 00BEKTOB KynabTyphl [1, 2]. McciemoBanue TeMbl COXPaHEHHUS MHUPOBOTO
KyJIFTYPHOTO HacJEIHs MMPHUBEJIO K BBIBICHUIO HanOOJIee 3HaUMMON B JAHHOM HC-
CJIETOBATEIILCKOM TIOJIE TapaJuTMbl HCTOPHYECKOTO TOPOJCKOTO JaHmadra.
BHruMaHue akneHTHpOBATOCh HA KOHIENIMH HCTOPUYECKHX PaiOHOB, TOPOIOB
«KaK cOOOILIECTB JNIOACH, T/Ie H3MEHEHHUS SIBJISIIOTCS HEOThEMIIEMOH YacThIO KHU3HH:
napagiurma UCTOPHYECKOro ropojickoro janamadTa» [3, 4]. Bcemuphyto ussect-
HOCTh IMOJYYMJIM TaKue HCTOpHYeckne oO0bekThl, kKak Tanrap, Kerenp u Mcchik.



346 Pycckuli uHxxeHep: Il MexxdyHapoOHbil koHzpecc. Mockea, 29 -3 1 okmsbps 2025 2.

B rpanunax ropoaa Anmartsl HECKOJIBKO ACCATUICTHH Ha3aj NCCIIE0OBATENN TIpe-
noxunu GopmupoBanue 3THonapka bopannaii. B HacTosiem uccienoBaHuu pas-
paboTaHbl IPUHLMUIIBI, COOJIIOJICHUE KOTOPBIX OyAeT crnocoOCTBOBaTh (hOpMHUpOBa-
HUIO KOM(DOPTHOM cpefpl ATHOrpadUvecKoro napka Ha OCHOBE MEMOPHAIbHO-
nasgmapTHOro Komiuiekca bopangai.

3aka0uenne. MaTepuanbl apXeoJOTMYECKHX HCCIIEOBaHUI IOKa3bIBAIOT,
YTO B3aMMOCBSI3H JPEBHETO HACENICHHS COXPAHSIOTCS Ha MPOTSDKEHHH BCEX MCTO-
PUUYECKHX BII0X, MO3BOJSISI CO3/1aTh JIOKAJIBHYIO CaMOJOCTaTOYHYIO 3KOHOMHYE-
CKYI0 MOJIENb 10 00ECIIEeYCHUIO HaceleHUs] BCEMU HEOOXOJMMBIMHU TPOIYKTAMH
XKu3HeoOecrneueHns. BHyTpu pa3paboTaHHON TEOpEeTHYECKOH MOJENN MECTHOCTD
B paifone ciustHus pek Kamrkapara u bopannaii ctTaHOBUTCS ONpeaeIeHHbIM aJIMH-
HUCTPAaTUBHO-CAaKPAIBHBIM IIEHTpoM. Mes co3maHus «apXeoJorHyecKoro mapka»
NOPOXKJIEHA TEM, YTO B COBPEMEHHBIX YCIOBHUAX Pa3BUTHS LUBUIM3ALUN CO3HAHHUE
YeNoBeKa MoJIrOTOBJICHO JIJISi MOMEHTAIBHOTO BOCTIPHSITHSI 00pa3a, OHO HYKIaeTCst
B pacmupeHuu uHopMmanuu o0 00BbEKTE, a TJIABHOE B Pa3HOOOpa3ud U PUTME,
MaKCUMaJbHOW HMH(OPMATHBHOCTH M CKOPOCTH, YTO CTaHOBHUTCS BO3MO>KHBIM
B BeK MH()OpMAIMOHHOTO OyMma, nudposuzarmu. HacTosmumii mepuo;| 3KCIO3UIU-
OHHOTO MCKYCCTBa XapaKTEpU3yeTCsl MOCTPOCHHEM LIEJIOCTHOIO TapMOHHUYHOTO
aHcaMOJIsl Ha OCHOBE SKCIIOHATA-TIOJJIMHHAKA U BCEX KOMIIOHEHTOB CPeIbl. DKCIIO-
3unusl  opMuUpyeTcss Kak TMPeIMETHO-NPOCTPAHCTBEHHAS M OMOIMOHAJIBHO-
oOpasHasi cpesia B €JMHCTBE CIO’KETHO-KOHIIENTYaJIbHOTO M BU3yasbHOTO psina. Co-
BPEMEHHBIE THITBI MY3€€B 110/ OTKPBITHIM HEOOM HE MOTYT OBITh TOJBKO 3aroBe/l-
HUKaMH, OHU JOJDKHBI OBITH aKTUBHBIMH CPEACTBAMH KOMMYHHKauuu. Takum 00-
pa3oM, KOHCTPYHPYEMBbIE OOBEKTHI JIOIDKHBI COCIHHSATH UCTOPUYECKOE HaclelIue
C TEXHOJIOTHUECKOW WHTEerpamnueil Uis Toro, 4ToObl CYIIECTBOBaja Hepa3pbIBHAS
o0pasHas cpefia, KOTopasi OCHAIeHa COBPEMEHHBIMH TEXHOJIOTHIMH [5].

CnMUcoK UCTOYHUKOB
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SPIN-kop: 3224-5022

MrY umernu M.B. JlomoHocosa, Mockea, Poccus

Annomayusn. Tesucvl noceswenvl onpedenenuto poau Pyccxou Ilpasocnasnou [lepxeu
6 uoeonozuveckux usmenenusx 6 CCCP ¢ nepuod Benuxoti Omeuecmeennou 6otinvl. Haka-
HyHe eotinwl PIIL] kax opeanuzosannas cmpykmypa Obiia npaKmudecKy YHUuumodiceHd, Xoms
OONLUUHCIMBO HACENeHUS NPOOOINHCANIO OCMABAMbCs penucuo3HbiM. B nauane eotnvr PIIL]
Cpazy 3aHANA HeMKYI0 NAMPUOTMUHECKYIO NOZUYUIO, (popmyrupyemble YepKosHOU uepapxuel
uoeu ObLIU B35MbL HA BOOPYHCEHUE 20CYOAPCMEEHHOU udeonoauel. AkmusHas nosuyus Llepx-
8U CMana Kpaiine 8adxiCHOU NPULUHOU USMEHEHUs 20CYOaPCMBEHHOU NOTUMUKU.

Kniouesvie cnosa. Pycckas Ilpasocnasuas Ilepxoss, Benuxas Omeuecmeennas GouHa,
mumpononum Cepeuti (Cmpazopoockuil), mumyn nampuapxda, 20CyO0apCmMeeHHblll 2UMH
cccp

BBenenne. Te3ucel nocpsileHsl onpeaenenuto ponu PIIL B upeonornueckux us-
meHeHusix B CCCP B nmepuon Benukoit OtedecTBeHHON BOHBI. B ycnoBusix co-
BPEMEHHBIX MHPOBBIX TEHACHLMH TeMa MMEET HE TOJbKO Hay4yHOE, HO M o0lie-
CTBEHHOE 3HAUYCHHE.

Metoapl M MaTepHabl, pPe3yabTaThl. AHAIU3 MHCBMEHHBIX HCTOYHHKOB
(oduuHanbHBIX MaTEPUAIOB, HEPUOANYECKON MEYaTH) MO3BOJISIET CACNATh BHIBOBI
0 3Hauumotii ponu PIIL] B Tpanchopmaliyu COBETCKON MICOIIOTHU MIEPUO/IA BOWHBI.

B xone «6e300xH0M mstunetkn» 1933-1938 rr. opranuzanuoHHas CTpyKTypa
Pyccxkoii [IpaBocnaBnoitl LlepkBu Oblila MpakTHUECKH YHUYTOXKEHA. TeM He MeHee,
9TO HE O3Ha4ajo MoOeAbl Hal «PEIUTHO3HBIM CO3HAHHEM» HACEJICHHsS: COTJIacHO
neperucu 1937 1. 56,7 % nu ot 16 et u crapuie npusHaNU ceds BEpYOIINMHU.
C HavanoM BOMHBI pykoBozcTBO ||l Pelixa B3s10 Kypc Ha BOCCTaHOBJICHHE pelu-
TMO3HOHM XHM3HM HA OKKYNHPOBAaHHBIX TEPPUTOPHSIX, HO HAMEPEBAJIOCH JEPXKaTh €€
MOJ] YKECTKUM KOHTPOJIEM W HANpPABISATH B BEITOJHOM cebe pycie. OHAKO TOMBIT-
k1 oTkonoTh OoT PIIL] ykpamHckue M Oenopycckue emapXuu M CO3/4aTh aBTOKe-
¢anbHbIe IepkBU B 1941-1942 1T. OKOHUNIIHCH HEYJaueH.

22 wronus 1941 r. mockoBckuit mutpomnoaut Cepruii (Ctparoposckuii) obpa-
TWICS ¢ NaTPHOTHYECKUM IOCIaHueM K mactBe. K pasocnmaHHOMy 1O mpuxojam
TEKCTy MpHiIarajach ocobas MOJMTBA — COKpAIICHHBIN BapuWaHT YWTaBIICHCS BO
BpeMst OteuecTBeHHOM BolHBI 1812 1. [1, ¢. 380]. B oduIrmaibHbIX TOCYAapCTBEH-
HBIX OOpalleHusIX BOHHa Obula HazBaHa OTEeYeCTBEHHOM Ha CIEOYIOUIMH JEHb,
23 utons [2, c. 1, 4]. Cranunackue peud 3 utois u 7 HOsOpst 1941 r. yacTHYHO HC-
MOJIb30BaIM PUTOPUKY MUTPOIIOIUYBETO TOCIAaHUS 22 HIOHS.
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Bckope nocne Hauasia BOWHBI HAYaJIOCh O’KUBJICHHE LIEPKOBHOM JKU3HU U B CO-
BETCKOM ThUTy. B centsiOpe 1941 r. Hauanoch BO3POKACHUE MPEKHUX EMapXHUil.
Bcero Ha He moABEPriIMXCsl OKKYNALUK TEPPUTOPUAX B TOABI BOWHBI OBLIO CO3/1a-
HO 27 HoBbix Kadenp (k 1 ampens 1946 r. B8 CCCP aeiicrBoBano 10547 xpamos
u 75 MoHactheIpeit). B macxansHoMm mocianum 23 ampens 1943 r. MUTPOIIONIUTOM
Cepruem yxe yroMHHAJIAaCh «HalIa J00JECTHAs pyccKas apMus» (paHee HCIOb-
30BaJIaCh UCKIIOYUTEIBLHO (popmysmpoBka «KpacHas apmus») [3, c. 47]. 4 ceHTs6-
ps cocrosack m3BecTHas BcTpeua Cranmmua ¢ pykoBoactBoMm PIIL. 8 centsOps
co0op emuckomoB u30pan HoBoro marpuapxa. [larpmapmmii Tutyn «llatpmapx
MockoBckwii ¥ Beest Pycu» cran HoBiecTBoM (paHee: «Bces Poccun»). [Tockonbky
Poccus 6buta nums ogHO# U3 16 COI03HBIX pecyOnK, NOSBUIOCH HOBOE KAHOHU-
yeckoe ToHsATHE «Pych», koTOopoe BKItouasio B cebs Bcio Tepputopuiro CCCP
(xpome I'py3um, rue cymiecTBOBasia CBOSI IOMECTHAsI LIEPKOBB). BriepBhie B nepron
BOWHBI TMOHATHE «BeNuKas u 6marocioBeHHas Pycy» (B orHorreHnn CCCP) mosiBu-
JIOCh elIe B 00palleHnn nepapxoB K Bepyroumm ot 24 Hosops 1941 r. [3, c. 413].
B oxta6pe CtanuH NpuHSUT pElIeHHe O TEKCTE HOBOTO IOCYJapCTBEHHOIO TMMHA:
B poekte C.B. MuxankoBa u ['.A. Dnp-Perucrana nmpucyTcTBOBajio TO ke CIOBO,
YTO ¥ B TOJIBKO YTO YTBEP)KACHHOM THTYJIE maTpuapxa — «Pyce» [4, c. 44].

3akmouenue. CoOBETCKOE PYKOBOJICTBO, 0€3yCIIOBHO, HCIOib30Bano PIIL]
B CBOCH HJeoornieckoi 0oprde. OMHAKO TaKKEe MOXKHO KOHCTATHPOBaTh M 00-
patHoe BiusiHUE. AKTHBHAs no3uuus LlepkBu cama mo cebe crana KpaiiHe BaXHOM
NPUYMHOW HM3MEHEHHS TOCYJapCTBEHHOW TOJMTHKH. BJIACTh BBIHYXJCHA OblIa
CUUTATHCSI C PEIIUTUO3HBIM (PAaKTOpOM, MPHUYEM €ro 3HaueHHE B MEpUO] KOHTpPHa-
CTYIUICHHS TOJBKO BO3paCTao.

CnuUcoK UCTOUYHUKOB

[1] Hepmckuii kpaii ¢ Beauxoti Omeuwecmeennoti eoiine. c6. 0ok. Ilepmb, Ypansckuil paGouni,
2018, 512 c.

[2] Tasera «IIpaBma» Ne 172 ot 23 uronst 1941 r.
[3] Pyccras Ipasocnasnasn Ljepkoss u Benukas Omevecmeennas 60Ha: c6. YepKoGHbIX OOKYMeH-
mog. MockBa, MockoBckas natpuapxusi, 1943.

[4] Muxankos C.B., MuxankoB M.B. /Jea 6pama — 0ee cyowvbwr. Mocksa, 3A0 Llentpronurpad,
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Mob6unusaumusa n [o6poBoNbHAA cNyxba Kak peHoMmeH
cpeauv NpUBUIErMPOBAHHbIX COCNIOBUIA B LOPEBOJIIOLMOHHON Poccuu

ranumoBa Jiunus HagunosHa' galimovaln@bmstu.ru
SPIN-kopa: 1901-2040

Cyspanesa TaTbsiHa PomaHoBHa' syzdalev@list.ru
SPIN-Kop: 3472-1254

FaBpuneHko Onbra leoHUAoBHa® olgavrilenko@yandex.ru

SPIN-kopa: 7263-7244

"MITY um. H.3. baymaHa, Mocksa, Poccus
2 ®rs0Y BO YU TA, YnbarHosck, Poccus

Annomayusn. B ciyyae macumabrnozo paspacmanus yepo3svl 011 Poccuu ononuenue ykom-
NAEKINOBbIBANIOCH 2PANCOAHAMU, HE NPUSLIBAEMBIMU HA BOEHHYIO CIYHCOY, A NOCMYNAIOWU-
MU Ha Hee 8 O0OPOBOILHOM NOPAOKE U3 PASIUYHBIX CNIOE8 HACENeHUs, PeMeCeHHUKOS, Me-
waw, 0yxoeeHcmea u npeocmagumenei NPUSUNE2UPOBAHHBIX COCTO8UN. sl HAC 6AXHCHO
paccmompens COyUanrbHO-IKOHOMUHECKYIO U NOIUMUYecKylo obcmanosxy 6 Poccuu 6 0o-
PEBOTIOYUOHHBIL NePUo0, NOGIUAGUIYIO HA OMHOUIEHUE NPUSULEUPOBAHHBIX COCTIOBUL
(0s0opsincmeo, kyneuecmeso) k moburUzaAYUU U DOGPOBOALHOU CLyIHCOe.

Kniouegvie cnosa. apmus, moburuzayus, 0006po6oIbHAs CIyHCOA, CAMONPUZBAHHBIE, COCTO-
sue, ucmopus Poccuu

BBenenne. PaccmatpuBas uctopuio GpopMHpOBaHUSI CUCTEMbl BOCHHOH OpraHu3sa-
MM Ha Pa3IMYHBIX dTAlax pa3BUTHS OOIECTBA, BO BCE BPEMEHA BOOPYIKECHHBIM
CTOJIKHOBEHHUSIM TPEALICCTBOBAIA MOOMJIM3AIMsS BOCHHOW CHJIbI, HE3aBHCHMO
OT OOIECTBEHHOIO U FOCYAAPCTBEHHOTO YCTPOMCTBA, BKIIIOYAIa KOMIUIEKC MEpo-
OPUSITHI 110 TIPUBEJACHHIO B AKTUBHOE COCTOSIHHE, COCPEIOTOYCHUE U HAMPSDKCHUE
MMEIOIIUXCS PECYPCOB, CHII M CPEZCTB, JUIS IOCTHIKCHUS] BOCHHBIX 1ieneid. Ha odu-
LIEPCKUE JIOJDKHOCTU HAa3HAYAIMCh JIMIA JIBOPSIHCKOTO COCJIOBHS, PaHEE CIIy)KHB-
HIMEe B apMUH 1O JOOPOBOJIBHOMY NPHHIMIY. X BOOpYKeHHE U CHAOXEHHEe OCy-
IIECTBISUIOCh KOMUTETaMH YE3IHBIX JBOPSIHCKHX COOpaHMii Ha CpelncTsa
J0OPOBOJIBHBIX NIOXKEpTBOBaHMH [1—-3].

MeTtoasl 1 MaTepHaibl;, pe3yasTaThl. Cpean MaTepuagoB MECTHOTO CaMo-
YIpPaBICHHUS. BCTPEYAIOTCS IMPOLICHHS OT KYILOB, KOTOpPBIE COOMPAIMCh HIATH
B apMHI0 J100pOBOJIbHO. VICTOpHSI 3HAET MPHUMEpPbl CAMOMOOKIIM3AIINH, CBSI3aHHOI
CKOpee C MaTPHOTH3MOM, YeM C KeJaHHEM CMEHUTh poj 3aHstuii. Ho mpuumna
JOOPOBOJIBHOTO TOCTYIUICHHS, HAIPUMEP KYIIIIOB B apMHIO M HX MOCICIYIOIIas
Kapbepa, MOKET ObITh YJIy4IICHHE YCIOBHH COJJIATCKOW CIIy>KOBI, IO BO3BpAllle-
HHIO TOJyYHMB YHCTYHO M OTCIIY)KHB CPOK, C YECTBIO IOKa3aThCsl CBOMM POJHBIM
U 3eMisikaM. B To ke Bpemsi B BOCIIOMHHAHHSX O(UIEPOB HUMEIOTCS M CIIydau
YKIOHEHHsI OT CIIYXObl, HampuMep KyMIOB-MPOMBIIUICHHUKOB, YTO BBI3BIBAJIO
BO3MYIIICHHE MECTHOTO MpPEANPUHUMATENbCKOro Kpyra. I.A. MUIIOTHH BHIET
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JIOCTOMHOE Oyayniee apMud B OOCCIEYCHHWU HEOOXOMUMOrO JUIs MPOU3BOJICTBA
B oduiepsl 00pa3oBaHUs Ui BCEX COCIOBUH M B YJIYYIICHHH MaTCPUAIBHOTO
Y HPABCTBEHHOTO ObiTa. OTKPHIBAIKCH CIIEIUATLHBIC BOCHHO-HAYAIBHBIC IIKOJBI,
r7ie TOTOBUJIM K MOCTYIUICHUIO Ha ITPaBax BOJbHOOMpeAestonuxcs. BoenHnoe 00-
pasoBanue ¢ 1876 r. crano 6eccociioBHBIM. HOBOOpaHIIBI CO CPETHUM U BBICITUM
o0Opa3oBaHHeM MOTJIH OTOBIBATH BOMHCKYIO TOBUHHOCTh B Ka4eCTBE BOJBHOOIpE-
JICJISIFOIIUXCS, U CPOK CITY>KOBI COKpAII[AJICS B JIBa pa3a B CIy4ae Cllayd 3K3aMEHOB.
OTHOIIICHHE K BOJLHOOIPEICIISIONUMCS CO CTOPOHBI 0(huIepoB ObL1o WHBIM. [lo-
pakajay acleKThl BOCHHOH JKM3HM, YTO OTPa)KaJloCh B UX BOCIIOMHHAHUSX, B BbI-
MOJTHEHUHM BOMHCKOTO MPUBETCTBUS U B JAPYTHX MPOSBICHUAX [4].

3akmouenne. BpemeHHas BoeHHas Ciyx0a mpejyiaraia ajlbTepHATHBY B CO-
[IUAIEHOM MEPCIIeKTUBE, TO3BOJISIONIYI0 U3MEHUTh CBOK COCJIIOBHYIO MPUHAJJICK-
HOCTh. OJTHU MOCTYyNAJIM Ha BOCHHYIO CIYKOY, IPyrHe MpoaoinKaii 0eCCpOvHYIO.
Takum 00pa3oM, BpeMeHHas, HO JTOOPOBOJIbHAS BOCHHAS CIIyk0a rOpOKaH MO3BO-
JISICT PACUIMPUTH MPEACTABICHUSI O MPUBUIICTHPOBAHHBIX COCJIOBUSIX BTOPOH MOJIO-
BuHbI XIX B. JlaHHBIC B HCTOpUM POCCHM HANIUTM OTPaKEHHE B UX CAMOCO3HAHUH,
ouorpadusix, crparnuKaluu U, TIPEXKIC BCErO, B UX OTHOILICHHH K TOCYJApCTBY
u 3ammre OTeuecTna.

CnMUcoK UCTOYHUKOB
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MBaHoBa AHHa HukonaeBHa® rusivanova@mail.ru
SPIN-kop;: 9838-0953

EropoB AHTOH Anekceesuy’ aa.egorov@bmstu.ru

" MITY um. H.3. baymara, Mocksa, Poccusi
2 MAU (HWY), Mockea, Poccusi

Annomayun. Cmamos nocéaujena auaniu3y OCHOBHLIX NOOX0008 K ONpeoeneHUl0 80eHHbIX
u obwux demoepaghuueckux nomepo CCCP 6 nepuoo Benuxoii Omeuecmsennoul 6ouHbL.
Aemopvl ommeyaiom 00CMUICEHUsT POCCUNICKOU UCTOPULECKOU HAYKU 8 peuleHul OaHHOU
npobiembvl, HO 8 MO JHce 6peMsi aAKYESHMUPYIOM BHUMAHUE HA OUCKYCCUOHHBIX ACTIEKMAX
onpedenenus aoockux nomeps Cosemckozo Coioza 6 200bl Benukoti OmeuecmseeHHOU 60l
Hbl.

Kniouegvie cnosa. Benuxass Omeuecmeennasn eouna, democpaghuueckue nomepu CCCP,
soennvle nomepu, yera Ilodoedwvl

Beenenue. Bompoc o pasMepe BOCGHHBIX M OOMIMX JeMOrpadUvecKux MOTepsx
CCCP B roasl Benukoit OreuecTBEHHOI BOHHEBI UMEET BaKHEUIIIEE 3HAUCHUE IS
COXpaHEHHUSI HCTOPUUYECKOHN MaMsITH B OOPHOBI C HCKAXXCHUSMH U MPSIMBIMU (hasib-
cU(UKaIUIMH UCTOpUH BTOpoil MupoBo# BoiHEI. [Ipu 3TOM ciiegyer OTMETHUTD,
YTO YPOBEHb JIOJICKUX MoTepb noteph CoBerckoro Coro3a B roJsl BOWHBI IOCTO-
saHo MeHsuics. [lpu W.B. Cranune Ha3bpiBajach nudpa B 7 MIH MOTUOLIMX, MPH
H.C. Xpymese u JI.W. bpexuese 20 miH, B 1980-1990-¢ roxsr 2627 muH Ecre-
CTBEHHO BO3HHKAET BOIPOC, CKOJIBKO K€ JIIOJIe Ha caMoM Jelie MoTepsuia Hamla
ctpana. [TonpoGyem pazoOpaThcs.

Metoabl U MaTepuaJibl; pe3yJbTaThl. B mpoiecce uccienoBaHusi IIUPOKO
NPUMEHSJINCH CTATUCTUYECKHE M MaTeMaTHUECKHEe METOMBI, a TaKKe METOJ| CpaB-
HUTEIFHO-UCTOPHUYECKOTO ¥ HCTOPUKO-TUIIONIOTHYECKOTro aHanu3a. MccnenoBanue
MPOBEJICHO, MPEXJIe BCEro, Ha OCHOBE (QyHAaMeHTaNbHOW padoThl «I'pud cexpert-
Hoctu cHAT. [lotepu Boopyxennbix cun CCCP B BoitHax, 00€BBIX ACHCTBUAX
M BOCHHBIX KOH(pIMKTaXx. CTaTUCTHYECKOE WCCIEIOBAaHUE» TIOJ peaakiueit
I'.®. Kpupomeea, Briepsbie nzganHoi B 1993 r., mocnenHee nepe3iaHue BBIILIO
B 2020 . [1, 2], a Taxxke pabor B.H. 3emckoBa, b.B. Cokonosa, A.A. IllabaeBa
n C.H. Muxanesa [3-5].

CymiecTByeT JjBa OCHOBHBIX MOJXO0/a AJISl ONpEIeNIeHHs] OTeph B TOABI BOK-
HBI, YCJIIOBHO MX MOXHO OMpenenuTh kak: «Ilogxon mojcuera cBepxy» — B mep-
BOM ciiy4yae OepyTcs maHHbIe mepenucedt nacenenuss 1937 (162 mua) u 1939 rr.
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(167 mun), exeroanbiii npupocT B mudpax (5,2 muiH) u nporentax (1,58 %), uuc-
JICHHOCTh HACEJICHUS] TPHCOCAMHCHHBIX TeppuTopuii B 193940 rr. (19,8 muh),
utoro B 1941 r. 194 mnn; nanee 6epyrcs ganuble nepenucu 1959 r., Beruncnsercs
cpenHuil exerofaHpii npupoct B 1941-45 — 1,63%, oxugaeMyr0 4YHCICHHOCTh
k 1945 r. — 208-209 muH, peanbHyto yncieHHocth — 170,5 mun dedununt (ne-
Morp. ymiep6) — 38-39 mutH. 13 HUX Hepeaar30BaHHbBIH €CTECTBEHHBINH MPUPOCT
(«HepomuBiIHecs aeTu») — 14—15 mitH, npsiMbie BOGHHbIC OTepu — 23—24 MIIH;
«[logxon moacuera CHHU3Y» — TMOJCUYUTHIBAIOTCS OTAEIBHO BOEHHBIC MOTEPH
(mo ¢poHTaMm, apMuAM, TUBH3USAM, MOJKAM) U MOTEPH TPAXKIAHCKOTO HACEICHHS
(c aTHIM crokHEe Bcero, T. K. aanubie 32 1941 r. u 1942 r. o 00BEKTUBHBIM MPH-
YHHAM KpaiiHe OTpbhIBOUYHbIE). He MeHee ClI0)KHO 0OCTOUT JIEIIO C MOJICYETOM BOCH-
HBIX MOTEPh. B 11eI0M MOKHO BBIJICIHTH JIBa OCHOBHBIX BapuaHTa. 1) BapuaHnT uc-
topuka b.B. Cokonosa [4, ¢. 10-11]. C yueToM moTeph rpakIaHCKOTO HACEICHUS
— 30-31 mutH (HEmOoCTaTOK — HET JOCTATOYHBIX JOKYMEHTATBHBIX TOATBEPIKIE-
HHUI O KOJMYECTBE MOTHOIINX BOCHHOIUICHHBIX). [JI. HCTOYHUK — JaHHbBIC mepe-
6exunka moskoBHuka K.J[. Kamunosa (omy6mukoBansl B 1957 r. I'. ApHTiem
B cOopuuke «Mtoru Bropoii mupoBoii BoiiHb» B ®PI’), ncmons30Ban Kakou-To
CeKpeTHbIH 1okyMeHT ['eHmTaba, 10 cUX MOp B apXuBax He OOHApY)KEHHBIH; Y HacC
JIOJITO€ BpeMsi OTPUIAITUCH, ceilvac, 10 CyTH, IpU3HaHbl BepHbiMH. C ydeToM mo-
Tepb rpakaaHckoro HaceneHus — 13,6 mun [4, ¢. 6-7].

K stoti mudpe b.B. CokonoB moGasmn 1,1 MiIH MOTHOITNX BOCHHOIICHHBIX,
HO 0€3 JI0CTaTOYHbIX JI0KA3aTeNIbCTB, KaK y)ke OTMedanoch Bhiie. 2) Bapuant Illa-
0aeBa A.A. u Muxanesa C.H. [5, c¢. 44-45]. Bepercst 001ias 4uCIEHHOCTh BOOPY-
JKCHHBIX CHJI Ha Hayajo BOWHBI — 4,7 MJIH, IPU3BAHO 3a TObI BOMHBI — 29,5 MTH.
Bcero — 34,2 minH. U3 Hux B HapojHoe X03siicTBO U Boiicka HKBJI Hanpasieno
5 mutH, yOBITO TIO paHeHusM U ap. npudnHaM 4,6 mutH. K okOHYaHHIO BOWHEI B ap-
MUM OBLIO BMECTE C PAHEHBIMHU B TOCITUTAISIX HACUUTHIBAIOCH MOYTH 12 miH. [le-
¢urut — 12,5 muH (yOUThIC W MpomnaBiiie 03 BECTH), K HUM JTOOABJISIOTCS eIlle
1,2 mue nponaBmmx 6e3 Bectr B 1941-1942 rr. O6mwmii uror: okono 11 muma. Ho
M0 KOHKPETHBIM BUJaM moTeph noiydaercs 11,9 man Obmiee KOTUYECTBO MOTEPh
(BOEHHBIX M TPAKIAHCKUX) OIIEHUBAETCSA B 26—28 MIIH YeIOBEK.

3akmouenue. OCHOBHAs TIpUYMHA pazdpoca B mudpax — OrpoMHBIC TTpode-
71 B yuere notepb B 1941-1942 rr. B «koTIax» ¥ MpH OTCTYIUICHUSX OY€Hb MHOTO
JOKYMEHTOB ObLTO yHHUTOXEHO [3, ¢. 103-112]. JIpyrue npryrHbI: 0 CHX MOp He-
M3BECTHO TOYHOE KOJIMYECTBO IMOMABIIMX B IUICH M TOTHOIIMX B IUICHY (MCHOJB3Y-
I0TCSl JITaHHBIE HEMELKHX apXWBOB, HO IO MOHSTHBIM NPHYMHAM OHU HEIOJIHBIE);
pa3Has METO/IMKA TO/ICYCTOB MMOTEPh; 3aCEKPEUCHHOCTh JaHHBIX O TOTEePsX Ha Mpo-
TSOKeHUH 1mouTH Bcero cymiectBoBanusi CCCP; Henb3s McKiIouaTh MpeIHaMepeH-
HO€ MCKa)KEHHE AaHHBIX U Y Hac, U B [ 'epMaHuu BIIOTH 0 YHHUYTOXKEHHS COOTBET-
CTBYIOIIMX JOKYMEHTOB; BKJIFOUYATh JIM MOTUOMINX B IUIGHY B YUCIIO YOUTBIX HIIH
OTJENBHO; YIYIIEHO BPEeMS IO BBIACHEHHIO Yepe3 ONPOCHl POACTBEHHUKOB M COTIO-
CTaBJICHUS UX TIOKAa3aHUN C O(HUIMATFHONW CTATUCTHKOW KOHKPETHOTO KOJIHYECTBA
HE MPHULICAIINX C BOHHBI, MOJUTHYECKAs W HUICOJOTHYECKAs aHTaXHMPOBAHHOCTD
Y BIIMSHUE KOHBIOHKTYPHI, YTO CKa3bIBACTCS Ha MPEBHIIICHUH WM 3aHWKECHHUU pe-
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aJbHBIX OTEPh; BKIKOYATh JIK B YUCIIO MTOTEPh KHEPOAUBLINXCS IETEN», T. €. HEpe-
AJM30BAaHHBIN €CTECTBEHHBIN IPUPOCT U3-3a BOIHBI.

CnUCOK UCTOUYHUKOB:

(1
(2]

(3l

(4]
(9]

Benuxas Omeuecmeennan 6e3 epugpa cexpemmnocmu. Kuuea nomeps. Mocksa, Beue, 2020,
383c.

Kpusomees I'.®., pen. [ pug cexpemunocmu cuam. [lomepu Boopyswcennvix cun CCCP g sotinax,
00eguIx delicmeusx u 60eHHbIX KoHgaukmax. Cmamucmuyeckoe ucciedoganue. Mocksa, Boen-
uznar, 1993, 415 c.

3emckoB B.H. K Bompocy 00 001ieit 4ucIIeHHOCTH COBETCKUX BOSHHOIUICHHBIX U MaciTabax ux
cmeptHOocTH (1941-1945 rr.). H36ecmus Camapckozo Hayurnozo yewmpa PAH, 2013, 1. 15, Ne 5,
c. 103-112.

CoxkounoB b.B. IJena Ilobeowi. Benukas Omeuecmeennas. Heuzsecmuoe 00 ussecmuom. Mocksa,
MockoBckuii padounii, 1991, 192 c.

[1IabaeB A.A., MuxaneB C.H. Tpacedus npomusocmosnus. Ilomepu soopyaicennvix cun CCCP
u l'epmanuu ¢ Benuxoii Omeuecmsennou gotine 1941-1945 22, MockBa, OTedecTBeHHast BOSH-
Has uctopus, 2002, 257 c.
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dopmupoBaHue nccnefoBaTeNbCKon KybTypbl UHXEHepoB
B YCJIOBUAX LN poBOK TpaHChopMaLmnu:
couunanbHo - PunocoCcKuin aHanus

"’ krivobokova@stankin.ru

SPIN-kop: 8492-8714

KpuBo6okoBa EneHa BauecnaBoBHa

@rAoy BO MI'TY « CTAHKUH», Mockea, Poccus

Annomayun. B cmamve paccmampusaemcs npobiema opmuposanus ucciedosaneib-
CKOU KYIbIMypbl UHICEHEPO8 8 YCa06usax yu@posot mpancopmayuu. Ocoboe enumanue
YOensiemesi COXpaHeHuio cyoObeKmHOCMU Ha (OoHe pocma NPpUMeHeHUsi 6ONbUUX S3bIKOBbIX
mooenei (LLM), komopuie noposicoaiom puck umumayuu uccied08amenbCckoll 0esimenbHo-
cmu u noomenvl Kpumuuecko2o moiuiienus. Ioxasano, umo ynueepcumem 5.0, opuenmu-
POBAHHBIL HA  UYeN0BEKOYSHMPUUHOCTNG U  2APMOHUAYUIO 63AUMOOCUCMEUs UeN08eKa
U MexHONo2Ull, CROCOOEH CIMAamb NPOCMPAHCMEOM, 20€ YUPPOGbLE UHCIMPYMEHNbL UCHOIb-
3yI0mest Olisk pACUWUPEHUst 803MOJICHOCHEN ucciedosamest. Basicnvim yciosuem amozo
npoyecca SIGNAEMCs COXPAHeHue U nepedaia mpaouyuil Uccie008amenbCkoil Kyibmypbl.
PA36UMAsL KPEAMUBHASL COYUANbHASL CUCTNEMA — HAYYHO-NE0a202UHeCKUe WKOIbl 6bICHY-
narom 6 ponu xpanumesnel YeHHOCmel U Memooo08, d CIMyOeHuYecKue HayuHble cooduecmsa
(kpyoicku, CHO, CKF u m. 0.) cmanoeamcsi mpancisimopamu 3mux mpaouyuil 0is H08020
HOKOLEHUSL UHIICEHEPOB.

Kniouesvie cnosa: ynusepcumem 5.0, uccneoogamenvckas Kyavmypa, yu@poeas mpanc-
Gopmayus, HayyHoOe HACMABHUYECMEO, UHIICEHEPHOe 00pa306anue, KpeamueHas Coyudib-
Has cucmema

Beenenue. CoBpemennas nudpoas TpanchopMaIysl CTaBUT 07 BOIPOC COXpa-
HEHHE CYOBEKTHOCTH B Hay4HO-00pa30BaTeIbHOM MpPOCTpaHCTBe. Pacmmpsioriee-
Csl HCIIOJb30BAaHUE AaJTOPUTMOB MCKYCCTBEHHOTO MHTE/UIEKTa, ocobeHHo LLM-
Mozenel, obnerdaercs JOCTyN K HH(GOPMAIUU, HO CO3AaeT PUCK yTPaThl UCCIEO0-
BaTEJIbCKOW MJICHTUYHOCTU M CAMOCTOSATENILHOrO MblieHus [1]. B aTux yciaoBusx
0co0yr0 poJib IPUOOPETAaeT UCCIIEI0BATENbCKAs KyJIBTypa KaK OCHOBaHUE Mpodec-
CHOHAJILHOM M JIMYHOCTHOMU 3peJIOCTH OyAyILEero nHXeHepa.

MeToasl 1 MaTepHuaJibl. B nccieoBaHun NPUMEHSIINCH MEKANCLIMIUIMHAPHBIC
MOAXOBI COIMANBHOM Pritocoduu, MeAaroruky U NCCICJOBAaHUN HAYKH U TEXHUKH,
MCTIONIb30BAJIUCH METO/bI HAOJIOICHHUS, KOHTEHT-aHAIN3a U CPaBHUTEIBHO-UCTOPHU-
YEeCKOTO aHalli3a, a TEOPETUICCKON OCHOBOW CTaj KOHIENIMK yHuBepcuteToB 4.0
u 5.0, 4eN0BEeKOLEHTPUYHOCTH, a TAK)KE aBTOPCKHE KaTEropHu KpeaTuBHO-00pa3oBa-
TEJbHOE MPOCTPAHCTBO M KPEAaTHUBHAs COLMAlbHAs crcTeMa [2, 3].

Pesyabrarpl. LudpoBusanms OTKpHIBAET HOBBIE BO3MOXHOCTH, HO HECET
yIrpo3y NOAMEHBI KPUTHUUYECKOTO MBILIEHUS TOTOBBIMU ainroputmamiu. [loTox gan-
HBIX W c00Ja3H «ObICTpON WH(MOPMAIUI» CHIUKAIOT CIIOCOOHOCTH K pediexcuu
u niryookoMmy aHamusy. ITosromy (opmupoBanue mcciaenoBaTeNbCKON KyJIbTYpBI
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TpeOyeT yKperuleHusi CyOBEeKTHOCTH Yepe3 pa3BHTHE KPUTHYECKOTO MBINUICHUS,
STUKU HAYYHOTO TIOMCKA M HABBIKOB CAMOCTOSITEIILHOTO BHIOOpA B YCJIOBHSIX WH-
¢dopmaronHoro u3o0wims. Hay4yHo-niearorndeckie ImKoiIbl U KOJUIGKTHBBI BbI-
CTYMalT XPaHUTEISIMH HCCICAOBATEIIbCKUX IEHHOCTEH, TpaHCIHPYsS HX 4epe3
HACTABHHUYECTBO M MPEEMCTBEHHOCTH [4]. B To e Bpemst cTyneHUecKHe o0bemu-
HEHUSI CTAHOBSTCS TPAHCIATOPAMHU ITHX TPATUINA B COBPEMEHHOW akKajeMmye-
cKkoii cpene. 3anaua yHuBepcutera 5.0 3aKiIr04aeTcsi B TOM, 4TOOBI HAYYUTh MHXKE-
HEpoB paznuyaTh posib MM kxak MHCTpyMEHTa pPaCHIMPEHHS HCCIEI0BATEILCKUX
BO3MOJKHOCTEH M omacHocTh LLM-mozeneii kak MexaHu3Ma CIIOCOOHOro IoaMe-
HHUTb CYOBEKTHOCTH [5].

3akaouenne. DopMUpOBaHWE HCCIEAOBATENBCKONH KYJIBTYPHl HHKEHEPOB
B 310Xy nudpopuzaimu TpeOyeT CUCTEMHOTO MOJX0/a, COYETAoNIero mudpoBbie
WHHOBAIIMU C COXPaHEHUEM TPAUIIMiA HAy4YHBIX MIKOJ. B paMkax kpeaTUBHOM CO-
IIUAIBHOM CHCTEMbI HMEHHO IIPEEMCTBEHHOCTh, HACTABHUYECTBO U (HOPMHUPOBAHUE
coobmmectB (kpyxku, CHO, CKB u T.1.) CTAHOBSTCS OMOPO# JJIsI COXPaHEHHSI
MOJTMHHOHN CyOBEKTHOCTH M TBOPYECKOW caMopearn3aliii HHXEHepa B YCIOBHAX
CTPEMUTEINIbHBIX TEXHOJOTHUSCKUX U3MCHEHUH.

CruUCcoK UCTOYHUKOB

[1] Tpydanosa E.O. Moxer M HCKYyCCTBEHHBIN HHTEIUIEKT 00NaaTh CBOWCTBAMH CyOBEKTHOCTH!
¢dunocodckue acmeKkTs! NpodneMsl. IKOHOMUYECKUE U COYUANbHO-2YMAHUMAPHbIE UCCTe006a-
nus, 2025, 1. 12, Ne 1, ¢. 111-117.
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[5] Eskinat A., Teker S. University 5.0 is a Fact or Dream? Education, social sciences, humanities
& business management. Proc. 47th International conference. Lisbon, 2023, ¢. 21-26.
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061aA3a€eT NN UCKYCCTBEHHbIW UHTENNEKT pasymom?

Po3uH Bagum Mapkosuu'” rozinvm@gmail.com

UHcmumym ¢unocogpuu PAH, Mockea, Poccus

Annomayusn. Ilpoorema pazymwocmu HHU axmyanusuposanacs ¢ co3oanuem u pacnpo-
cmpaHeHuem Hetipocemetl. Helipocemegvie moOenu He mOAbKO A0eK8AMHO NOHUMAIOM 34-
dasaemble UM 8ONPOCHI U 3a0aUll, HO U BNOJHE OCMBICIEHHO HA HUX OMBeYaom, 0eMOH-
cmpupys 3nanue npeomema, HenpomuUBOPeUUSOCMb U T10SUYHOCMb Mblcau. Pazoupas smy
npobremy, asmop Onupaemcs Ha UHMYUMUBHOE NOHUMAHUE PA3yMd KaK NpAGUIbHOZO0
MbIULIEHUS U KOHYERMYATUIAYUU.

Knrouesvie cnosa:. pasym, mvlutienue, Heupocemu, KOHYenyuu, Kyivsmypd, cyObekm, cemu-
o3uc, Unmepnem

BBenenue. IIpoGiemMa pa3yMHOCTH HMCKYCCTBEHHOTO WHTEIUIEKTa BCTalla OTHOCH-
TENPHO HENABHO, TOCIE CO3JaHus W pacnpocTpaHeHus Heipocereit (ChatGPT,
Stable Diffusion, ruDALL-E, ruCLIP, «Atom» u ap.). OauH u3 CaMBIX OCTPHIX
BOIMPOCOB HAYy4HO-(QMIOCOPCKOTO TUCKYpca — MOXKET JM HEHpOHHAas CeTh PaHO
WIH MO3JHO OCO3HaTh CBOM CETEBOM pa3yM, KOHLENTYaIU3UPOBaTh €T0 M CTaTh
CaMOCTOSITETTFHON, YTO, BO3MOXKHO, OYyIeT MpeCTaBIATh COO0H yrpo3y AJIs Yeio-
BeKa?

MarepuaJjibl 4 MeTO/IbI;, pe3yJibTaThl. [Ipobnemarnka pazyMHOCTH Helpoce-
Teit TpeOyeT oOpallleHHus K UCTOPHH U JIOTHKE Mpoliecca CTAHOBICHHUS pa3yMa Kak
CyOBeKTa — OT AHTUYHOCTH M CPEIHEBEKOBbS [0 HAIIMX THEH. ApPUCTOTENb
Y 32 HAM CPETHEBEKOBbIE MBICIUTENHN MPHUIHICHIBAINA pa3yM HE YeNOBEKyY, a boram
(bory) [1]. Huxonaii Ky3aHckuii, BeIpakasi peHeCCaHCHOE MOHMMAHUE OTHOILCHUS
yenoBeka ¢ borom, mpumuceiBan pasyMm yxke denoBeKy. KaHT co3maer cBoero pona
pacnpeieseHHyI0 KOHIEMIHIO pa3yMa, 3TO U 0cobas MpUpoza, U OpraHOH 3HAHWS,
COBIIAIAIONINK ¢ eBpomeickoil ¢unocopuii 1 Haykoi, U pasym camoro Kanra,
a Taoke GpunocodoB U ydeHsix, U naxke pasym Tsopua [2, 3]. Amyseit BBoauT 06-
pa3 (KOHCTPYKIIHIO) YeJOBeKa B TeJIe OCJIa, YTO MO3BOJIMIIO 33]aTh MPEICTABICHHUE
0 «S», Kak BHYTPEHHEM HCTOYHUKE BIACTH M CaMOCTOSITEIBHOIO ITOBEICHUS.
CB. ABryCTHH HCTOJKOBBIBaeT S1 Kak KOHIIENIHIO IEJIOCTHOTO BHAEHHUS MHpa
U €IMHOTO MOBEAEHHUS, IPOTUBOINOCTABICHHYI0 MAHUXEHCKOW KOHUEHINH, B KOTO-
poii 4enmoBeKk MoHUMalIcs B KapTuHe 60pb0s1 bora ¢ Temoii. Tomsko B huocodpun
HOBOTO BPEMEHM pa3yM OBII MCTONKOBAaH KaK CyOBEKT, OHMMaeMbIil kak S (mmy-
HOCTb), KOTOPO# MPHUIUCHIBAIOCH MPABUIIBHOE MBILIICHHE.

Du3MKaNUCTCKas TPAKTOBKa CBOTUT CO3HaHME M pa3yM K MO3TY: C TOUKH 3pe-
HUsSI COBPEMEHHON HayKH MO3I MPEACTAaBISET COOOH CIOKHEWIIYI0 HEHPOHHYIO
CeTh, IPOU3BOAIIYIO U 00pabaTHIBAIONIYI0 OTPOMHOE KOJHYECTBO JIOTUYECKH CBS-
3aHHBIX 3JEKTPOXUMHUYECKHX HMITYJIbCOB, a BHYTPEHHHUIl MHUp dYeloBeKa, B TOM
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quCiIe ero pasyM — MPOAYKT 3Toi paboTel. B HayuHOM cooOmiecTBe 3Ta TOYKa
3peHMs TIaBEHCTBYET. Tak e CUUTAIOT CTOPOHHUKH MCKYCCTBEHHOTO MHTEIUIEKTa:
Pa3yM KOMIITHIOTEPONO100eH, alrTOPUTMUYEH.

Wmet cTonkHOBEHHE ABYX MapagurM — Ouoiiormdeckoit u ¢punocodcekoit. Ero
JEMOHCTPHUPYET U COBpeMeHHBI criop Omonora Erenust Kynuna c ¢unocodom
Muxannom OnmTelHoM. «/HTEIEKT, CO3HaHNUE, HACHTUIHOCTh U CAMOCTh — BCE
9TO 3MEpIKEHTHBIE CBOICTBA HEHPOHHBIX ceTel, Huuero Gompuie» — mumer Ky-
HUH. «Mo#i HHTepec, — He comamaercs DNIUTEHH, — 3aK/II09aeTcs BO BBEACHUU
B 9Ty IHU(POBYIO WIM CEMHOTHYECKYIO MTPy TPaHC(HU3UYECKUX M TPAHCOHMOIIOTH-
YEeCKHX CHCTEM, TAKUX KaK KyJIbTypa, HHTEJUIEKT, CO3HAHHE U TBOPYECTBO. DTH 00-
Jactd 00NafaloT COOCTBEHHBIMHM YPOBHSIMM CJIO)KHOCTH U aBTOHOMHHM, KOTOpBIE
HE CBOIUMBI K TIapaMeTpaM (pU3NYEeCKUX MM OUOJIOTUUSCKUX cucTem» [4].

3akiouenne. VICKyCCTBEHHBIH pa3yM OMOCPEJOBAaHHO BKIIIOYAeT B ceOsi 00bIU-
HBI pasyMm denoBeka. B atom orHomenun MU He MoxeT mopaOOTHTH 4enoBeKa.
HeraruBHble mocnencTBUs U Bpell — MPOM3BOAHAS OT ACHCTBHIA M pasyma caMoro
yenoBeka. HapacTaHue HEraTMBHBIX INOCIIEACTBHM CBHIETENBCTBYET HE O 3J0KO3-
HeHHocTH MU, a 0 kpu3uce Hallei COIMaIbHOCTH U KyIbTypbl. M1 0OBIYHBIN pa3yM,
Y CETEBOM — CIIOKHBIE paclpe/iefieHHble 00pa30BaHusl, B KHU3HU KOTOPBIX Y4acTBY-
0T COOOIIEeCTBa, CIENNANINCTHI, CEMHOTUIECKHE CHCTEMBI, CIIOXKHAsI TEXHUKA U TeX-
Honorum» [5)]. J[Be OCHOBHBIE XapaKTEPUCTUKH CETEBOTrO pasyma (IpaBHIIbHBIC CIIO-
COOBI MBIIUICHHSI M KOHIICMIMK) MOTYT JOJITO CYIIECTBOBaTh 0€3 MPHUBS3KH HX
K CyOBEKTy, KOTOPBIX ellle Hy>KHO co3iarh. Ho, BeposTHO, Takoi cyObeKT OymeT co-
37aH ¥ BO3HUKHET Npo0OjeMa BBICTPaUBAaHUs HOBBIX B3aWMOOTHOILCHUI YeJloBeKa
C UCKYCCTBEHHBIM HHTEJIEKTOM.
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Annomayusn. B konmexcme ananuza maxux dK3UCMEHYUANO8 YEI08eYeCK020 Obimusl, KaK
JHCU3HB, CMepmb U Deccmepmue, pACCMOMPENbL KIo4edble Uoeu mpanceyManusma, nocm-
2YMAHUBMA, CEMMAEPEMUKY U UMMOPMOSYMAHUIMA KAK ONMUMUCMUYHBIX YYEHULl O 803-
MOJACHOCMU NPE0OOeHUsL UYel08eKOM coOCmEeHHOU KoHeunocmu 6 ycnosusx HBEHUKC-
Kongepeenyuu. Iloxazano, umo gurocogcro-anmpononocuyeckue yuenus, co30aroujue
HOGbLIL 00pas uenogexka u npomueonocmasisowue cyenapuil Tpancgopmayuu yenoseue-
cmea cyenapuio Anmpononocuueckoii Kamacmpogul, cmanossmest s0pom omeuecmeeHHou

dymyponozuu.

Knrouesvie cnoesa. mMexHoonmumu3m, npupoda yenoeeka, 6€CCM€pmu€, mpaHc4elosex,
nocmuenosex, cemmiaepemuKrka, UMMOPmocyManusm

Beenenune. Ox3ucreHuuanbHoe usMmepenue HBUKC-pepomonuu oTpaxkaer mnep-
CIIEKTUBBI MPeoOpa3oBaHMs YeJIOBEUYECKOW MPUPOJBI Yepe3 IMPeojoJicHHe Heco-
BEPLICHCTBA, BBIXOA 32 Mpeaesibl ONOJIOTHH, KOTOpasi ONpeAessieT MPOCTPaHCTBEH-
HbIE ¥ BpEMEHHBIE IIpeAesbl ObITUS YeIoBeKa. TeXHOONTHMHU3M NPEAIoaraer, 4ro
BO3MOXXHbI NPUHIMITHAIBEHO MHBIC, OTIMYHBIE OT OPTaHMYECKHX, (DOPMBI JKU3HH,
uHbIe (OpMBI co3HaHMs (pa3syma), IPUBETCTBYET CIUSHUE HCKYCCTBEHHOTO M ecTe-
CTBCHHOT'O MHTEJJICKTOB M YTBEPXKJIAET, 4TO MoOe/ia yeroBeyecTBa Hajl COOCTBEH-
HOW CMEPTHOCTBIO MPUBEIET K BCceoOemy Oary.

Martepuansl 1 MeTOAbI; pe3y/bTaTbl. TexHoontumusM B Poccum mpexacras-
JICH [eJIBIM CHEKTPOM YYEHH, OCHOBaHHBIX Ha (HI0CO(CKO-aHTPOMOIOTHIECKOM
o0pa3e uenoBeka OymylIero, NOCTUTIIEro OeccMepTHs. Tpauc- u nocmeyManusm,
Heouenogewecmso u nocmaioou. OredectBeHusd prmocod .M. JIydbpoBckwmii moa-
raet, uro B ycnoBusax HBUKC-peBomtony cTaHeT BO3MOXKHBIM KHOEpHETHYECKOE
OeccMepTHe, TO €CTh MIEPEeHOC CO3HAHMS U JIMYHOCTH B HEOMOJOTHUECKYIO CHCTEMY,
KOTOpas He MOJBEp)KEHa Pa3pyLICHHIO, YTO TO3BOJIMT YEJIOBEUECTBY M30ekKaTh je-
rpajaliy M NEpedTH Ha KadyeCTBEHHO HOBBII ypoBeHb pasutus [1, c. 239]. Eciu
TPaHCYEIOBEK yIydIaeT cede uepe3 Moan(pUKaIyd OHOIOTHIeCKOTO MO3Ta, HEHpo-
uHTepQeichl U OMOHNYECKHE MO3TOBBIE MMIUIAHTAHTHI, TO TIOCTYETIOBEKa OTINYACT
oOpereHne OeccMepTHsl Yepe3 3arpy3Ky CO3HAHUs, €ro ObITHE yXe MOJHOCTBIO HC-
KyccTBeHHOe, BHeTenecHoe [2]. Cemmuepemuxa (om anen. «Settler» — «nepecene-
Hey») u Oyonupyrowui moze. OcHOBOMONOKHUK ceTriepetnku .M. Kopumaprok
paccMmaTpuBaeT OeccMepTHe KaK «IepeceleHue» JTHYHOCTH MyTeM «CheMa» HH-
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(dopMaluK ¢ eCTECTBEHHOI'O MO3Ia YeJIOBEKa U €€ IE€PEeHOCca B €CTECTBEHHbIH MO3T
OMOKJIOHAa WJIM HCKYCCTBEHHBIM MO3T KMOOpra ¢ COXpaHE€HHEM CaMOOLIYIIEHUs He-
Pa3pBIBHOCTH CYILECTBOBAHMS JIMUHOCTH, BCEro OOraTcTBa €€ MBICIUTEIbHBIX
M TBOpYECKHX crocoOHocTel. CeTTiepeTnka mpeajaraeT CleHapuil eIMHEHHs OT-
JETbHBIX TBOPYECKHX OECCMEPTHBIX CO3HAHMH denoBevyecTBa B cereBoM «llmane-
tapaoM CBepxcosnanum» [3]. Ummopmocymanusm u peanvroe auunoe (Gusuueckoe)
beccmepmue. B paborax M.B. Bumepa mpeactaBieH HOBBIM 00pa3 4eloBeKa —
«TOMO UMMOPTAJIMC» — 3TO YeIOBEK O€CCMEPTHBIN, OMOAITUUECKH M COLMATIBLHO Jie-
TEPMUHUPOBAHHBII HA HEOTPAHUYCHHO JIOJTYIO M JIOCTOIHY0 u3Hb [4]. IMMopTo-
TYMaHHU3M, NIpU3HaBasi CAMOLICHHOCTh JKH3HH, MPOTHUBOIIOCTABISIET Ce0sl «CMEpTHHU-
YEeCKON», «yTEeIIUTENbHOI» (Guiaocopu, yTBEpKIAIOIIEH eCTeCTBEHHOCTh CMEPTH
Y OIIPAB/IBIBAOLICH KOHEYHOCTD YEJIOBEYECKOTo ObITHS [5].

3akiouenne. Mtax, TpaHc- ¥ MOCTTYMaHU3M, CETTIIEPETHKA K IMMOPTOTyMa-
HU3M TPEJICTABISIOT COO0I BapHallii TEXHOONTHMHUCTHYHOTO TTOIX0/Ia, PEACTaB-
JICHHOTO B OTEUECTBEHHOH (PyTypoJIOTHH, SAPOM KOTOPOH BBICTymaeT (uiocod-
CKO-aHTPOIOJIOTHYecKoe yueHne o0 IK3UCTCHUHUAIbHON Oe30macHoCTH, OymymieM
4eoBevYecTBa M BO3MOXKHOCTSIX oOpereHust Oeccmeptusi B ycnousix HBUKC-
peBomonnu. IlonokeHre 0003HAaUYEHHBIX YUYEHHH JBOMCTBEHHO: MaprHHAILHOCTh
B aKaJIeMHUYECKOM COOOIIECTBE U OOIIECTBEHHOM CO3HAaHUU C OJHOI CTOPOHBI,
W Hay4Hasi HappaTUBHOCTH, CAMONO3UIIMOHMPOBAHNE KaK HATypajlu3Ma M paluo-
HaJlu3Ma, — C APYToH.
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Annomayusn. Paccmompenvl gedyujue ucmopuozpaguueckue MmMeHOeHYuu 6 usyyeHuu
u ocseugenuu Benuxoi Omeuecmeennol 60UHbL, KOMOpble CHOPMUPOBANUCH 8 UCHOPUO-
epaguu nociednux 08yx Oecsimuiemuil, U OnNpeoeieHvl NOMEHYUAIbHO B03MOJCHble nep-
CHeKmuebl.

Knrwoueswte cnosa. Benuxas Omeuecmeennas 60tiHa, COBEMCKAs U NOCHCOBEMCKASL UCNO-
puoepagus, Hosble ACNEeKmbl COBPEMEHHOI UCOopUoepapuu

BBenenue. B ucciaemosanun Bemmkoit OreyecTBEHHOI BOWHBI BBIIEIAETCS IIBA
JTama: COBETCKH 3Tam, KOTOopbld oxBaThiBaeT 1945-1985 rr., u moctcoBeTCKuUit
3Tam, KOTOPHI Hadyalcsi B «IEPEeCTPOEYHOE» BpeMs M IPOJOJDKAETCS 0 Cero-
nusrHero qHs. Tema Benmukoit OTedecTBEHHOM BOMHBI COXpaHSET CBOE BEIyIIEE
3HAYEHNE M HACYMUTHIBACT HECKOJIBKO MUJUTUOHOB KOJUICKTHBHBIX M aBTOPCKUX
TPYIOB.

MeToabl 1 MaTepHAJIBI; Pe3yabTaThl. [I[poaHau3upoBaH 3HAYUTEINBHBIA KOP-
MTyC UCTOPUYECKHUX MCCIIEIOBAHUH, CBSI3aHHBIX C COBPEMEHHBIMHU TOIXO0AaMH K U3Y-
4yeHuto ucropun Besmkod OTed4eCTBCHHOW BOWHBI. YUTEHbI UCTOpUOrpadUUeCKUe
My OJIMKAIH TIOCIIEIHETO BpeMeH. Ha oCHOBE CpaBHUTEIBHO-UCTOPUIECKOTO U pe-
TPOCIIEKTHBHOI'O METO/Ia C/IC/IaHa MOMbITKA BBIABICHUS HOBBIX MCCIIEAOBATEIBCKUX
TIOJTXOJIOB, KOTOPBIC YTBEP/IMITUCH B TIOCIICIAHUE JIBA IECATHICTUS. B coBEeTCKHUE TOBI
chopmupoBanace obmmpHas ncropuorpadus. HecMoTpst Ha ClloKHBIE HIE0I0THYe-
CKHUE U MOJUTUYCCKUE YCIIOBUS, HA OCHOBE pa3HOOOPa3HBIX UCTOYHUKOB OBLIH MOJI-
TOTOBJICHBI BRXKHBIC WM3JIaHHS, TJIABHBIM JIOCTOMHCTBOM KOTOPBIX SIBIISICTCS YTBEp-
xneane pemaromeid pom CCCP m KpacHolt ApMun B pasrpome HaITUCTCKOM
['epmanuy u ee cor3HUKOB [1].

Haumnas c cepemunbst 1980-x romoB, B HW3MEHHBIIUXCS OOIIECTBEHHO-
MOJIUTUYECKUX OOCTOSATENBCTBAX, CPOPMHUPOBAIUCH Pa3HOOOPA3HbIE METOJI0JIOTH-
YeCKHe TMOAXOJbI, PacIIUpUiIach HCTOYHUKOBasS 0a3za, yBEIUYMIIMCH KOHTAKTHI
¢ 3apyOeXHBIMH HCCIIECOBATCABCKUMH IIcHTpamMu. IlyOnukamuu, Kacarolinecs
coObiTHii 1941-1945 rr., MOKHO YCIIOBHO Pa3JIe/IuTh Ha ABe rpynnsl. OIHU UCTO-
pUYecKre MMPOU3BEICHUS CO3AaBAIUCH B pyciie MOJIEPHU30BAHHOW COBETCKOW KOH-
LEHIMH, TTOCTEIICHHO OCBOOOXKIABIICHCS OT MapTUHHO-KUICOTOIHYECKOTO TUCKYP-
ca, JApyrue OBUIM HACTPOSHBl HA HETaTUBHYIO OIICHOYHYIO XapaKTEPHUCTUKY
MIPAKTHYECKH BCEX CIOKETOB COBETCKOW MCTOpPWH, B TOM ducie u Benukoit Oteue-
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CTBCHHOW BOWHBI, YTO CTANO OTPAKCHUEM <THOEpaNTU3alii HCTOPUUECKOTO MBbIIII-
aenus» [2]. Bmecte ¢ TeM, (OpMHUpOBaHHE HOBOI'O apXUBHOTO U MH()OPMAI[HOHHO-
ro MPOCTPAHCTBA Jajl0 BO3MOXKHOCTH AJISI CO3IaHHsI 00O0OMIAOIUX TPYIOB C HC-
MOJTb30BAaHNEM paHee HEJOCTYIHBIX HCTOYHHUKOB M HOBBIX KOHIIETITYyaJbHBIX
noaxoa0B [3]. B cerogHsmHuX CIOXKHBIX TEOMOIUTHIECKHX pealnsix ocoboe Mme-
CTO 3aHMMaeT pa3o0iIadeHre OTKPOBEHHBIX (hanbcuuKanuii 1 U3BpaLIeHni CoObI-
it u paktoB Benukoit OTeueCcTBEHHON BOWHBI, KOTJa PEIICHUS, HAIICIICHHBIC Ha
paspylIeHHe HCTOPUIECKO maMsATH o BoliHe U Haweil [lobene, yHIKeHHe HAMO-
HAJBHOTO JOCTOWHCTBA Poccuu, MPUHUMAIOTCS HAa MEXTOCYJapCTBEHHOM YPOBHE
3amajgHbIX CTpaH: pe3onronus EBpomneiickoro napaamenta «O BaXHOCTH €BpOIIEH-
CKOM MCTOpUYECKO# maMsaTu 1ist Oyaymiero Esponbsn» (2019 1.).

B coBpemeHHOM HCTOpHOTpagUUEcKOM TMPOCTpAaHCTBE H3ydeHHEe Benmukoit
OTtedecTBEHHON BOWHBI ONpENEIsIeTCA EPEOCMbICIEHUEM TPAJUIIMOHHBIX TPAKTO-
BOK, Pa3BUTHEM MEXIUCIUIUIMHAPHBIX UCCIIEIOBaHNM, OCOOCHHO B 00IaCTH COIH-
ANbHOW WCTOPUU M ITICUXOJIOTHH, POCTOM BHHMAaHHS K YEIOBEUECKOMY (aKTOpy
1 U3YYCHUIO IOBCETHEBHOCTH B BOCHHBIX YCJIOBHSIX.

3akiiouenue. Beenenne HoBeix DenepalbHBIX TOCYAAPCTBEHHBIX 00pa3oBa-
TEJIBHBIX CTAHAAPTOB BBICIIETO 00pa30BaHUs B NMPENOAABAHUM M M3YYEHUH HCTO-
pun B HenmpopuibHBIX By3ax (2023 r.) mMMeeT HCKIIOYMTEIBLHOEC 3HAYCHHUE, «I10-
CKONBbKY (OpMHUpYeT y CTYJEHYECKOH MOJIONEKH HCTOPUYECKOE CO3HAHUE,
HNaTPUOTHU3M, TPAXKIAHCKYI0 OTBETCTBEHHOCTH, CIIOCOOCTBYET AOCTHIKEHHUIO COLHU-
AIBHOM CTAaOMIBHOCTH B POCCHHCKOM 00miecTBe» [5]. DT0 crnocobcTByeT paciiu-
penuto ¢opmara nzyueHust Bennkoit OteuecTBeHHON BOMHBI U JOJDKHO CTUMYJIHU-
POBAaTh UCCIIEJIOBATEIHCKYIO aKTUBHOCTD.
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Annomayusa. Hccneoosanue nocesaujeHo ananusy eudeouep Kax uHcmpymeHma ungopma-
yuonnozo npomugobopcmea. Ha npumepe mamepuana cepuu 306 [onea (Call of Duty
2003-2021) swvisnsnenvt mexaHuzmvl KOHCMPYUPOBAHUS KOLLEKMUBHOU NAMAMU. Ycmanos-
JIEHO, 4MO Uepo6as UHOYCMpUs PEempanciupyenm HAppamuesbl, MUHUMUIUPYIOuUe poJb
CCCP 60 Bmopoti mupogoii 6oline u axyeHmupyrouue <ICecmokoCms» CO8emMCcKUx co-
dam. [loxazano, ymo OaHHbLL MeOUYM NPesocxooum Kunemamozpagh no 3¢gexmusnocmu
6030eliCmBUs Ha MOA00NHCHYI0 ayoumopuro. Jlenaemcs 8b1800 0 HEOOXOOUMOCMU CUCTEeM-
HO20 NPOMuUBOOEiCMEUsL UCKANHCEHUIO UCTOPUHEeCKUX (PaKkmos 6 yugpoegwix meoud.

Knrouesvie cnoesa:. su()eouepbl, nponaeanda, MACKAA cuja, qubopmaquHHoe npomueo-
CMOsAHUEe, KOCHUMUBHOE UcCKasceHue

Beenenue. C pa3BurueM HHGOPMALIMOHHBIX TEXHOJIOTUH BUICOUTPHI CTAIH OIHUM
U3 Cpe/ICTB MH)OPMAIIMOHHOTO MPOTUBOCTOSIHUA [1, 2]. DTO CBA3aHO KaK ¢ MIMPO-
TOW 0XBaTa, 0COOEHHO MOJIOJOTO MOKOJIEHUS, TaK U C JIETKOJIOCTYITHOCTBIO JaHHO-
ro BHJa UCKyccTBa. KpoMe TOro, UTphI MpencTaBIsIIOT cO00H MHTEPaKTUBHBIN CIIO-
€00 B3aMMOJICHCTBHS, YTO MPHUBOAUT K BHICOKOW CTENEHH BOBJICYCHUS B MPOLECC
U JIETKOCTH YCBOCHHS KaK JJIEMEHTOB, TaK M KOHTEKCTa UIpOBOro KoHTeHTa. Mc-
CJIeJIOBaHKE JIAHHOW TeMaTUKU U 0coOeHHO Kacatorielics BOB ocraercs manousy-
YeHHOH. 3HaUNMOCTh BUJIEOUTP IO SMOLIMOHATILHOMY BJIUSHUIO, HI€0JIOTHYECKOMY
BO3/ICHICTBHIO MOXET IMPEBOCXOIUTH APYTO€ CPEACTBO «MSITKOM CHIIBI» — KHHEMa-
Torpad) B CHJIy CTENEHH BOBJICUCHHOCTH W TMOTPYKEHHOCTH LEJIIEBOW ayIUTOPHUH.
OT0 «00BETMHEHHOE MPOU3BEICHUE HCKYCCTBA» SABISIETCS 3PPEKTUBHBIM HHCTPY-
MEHTOM I (DOPMHUPOBAHUS MCTOPHYECKOTO CO3HAHMS, IIEHHOCTHBIX OPHUEHTHPOB
1 3CTETUYECKHX MPEANIOYTEHNH Y MOJIOA0TO MOKOJIEHHUS.

MeToabl U MaTepuaabl, pe3yJbTaTbl. OCHOBHBIE METO/bI, NCIIOIH30BAaHHBIE
B pabore: Kelc-cTaly U COYETaHHE DJIEMEHTOB CTPYKTYPHOT'O W CPaBHUTEIHHOTO
aHajM3a NPUMEHUTENBHO K (YHKUHMOHAIBHOW KOHLENIUHM COLHMAIbHOM HaMsATH.
B kxadecTBe MarepnaioB HCIIOJIb30BAJNCh HEMOCPEICTBEHHO MCTOYHHKH B BHIE
MYJIBTUMEINHHON MPOAYKIIUN — BUACOUTD, IEPUOANUYECKON NedaTu. PesynpTaTrom
SBJIIETCS] BBIBOJIBI O KOHCTPYHPYEMBIX 3allaHBIMU BHJICOUTPaMU HAPPATUBAX, OC-
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HOBaHHBIX Ha MaHMITYJUPOBAHUN MCTOPUYECKON MaMSTHIO, OIHOCTOPOHHEM MOJ-
Oope (akToB, HampaBlIeHHBIX Ha KOrHUTHBHOE HckaxkeHue poaun CCCP B mobene
HaJ Garmu3MoM.

Oco0oe MecTo 3aHsTH BUACOUTPHI TEMaTHKH BTopoil MUPOBOI BOWHBI C BHI-
CTpanBaHUEM 3allaJlHBIX CMBICIOBBIX KOOpAWHAT. Buaeourpsl JaHHOTO copepika-
HUSI, BBIITyCKaeMble 3aMaHbIMU KOMIaHUAMH, U npexae Bcero CHIA nogunHeHsl
B OCHOBHOM OJIHOM LIeJIM — AUCKpeauTauuu Poccun B MUPOBOM MOJUTHUKE, €€ PO-
7 Bo BTopoil MupoBoii BoiiHE M OTHOBPEMEHHO TUNEpOOIN3ai OCBOOOAUTEIb-
HOI MUCCUM aMEPUKAHCKOM apMUHU OT HALIUCTOB.

B urpe 308 nonra (Call of Duty 2003r.) Cranuarpanckas OUTBa npecTaBiIeHa
Ha (oHEe MyCCHUPOBaHHS HETaTHBHBIX CTEPEOTHUIIOB, YK€ M3BECTHBIX MO KMHOIIPO-
OYKIMUA MaccOBOW KYJIBTYpBl. AHAJIOTHYHOE «HAKIICUBAHUE SIPIBIKOBY» TONYYHIIO
BOIUIOLICHUE B CO3JaHMM 00pPa30B COBETCKUX BOCHHOCITYKAIMX (OpYIIME MOJIHT-
PYKH B PYIOp, OJIHOMY COJIJIATy TOJIBKO BHHTOBKA, PYrOMY — HECKOJBKO MaTpo-
HOB, HEOOXOAMMOCTb YOHIICTBA MOJUTPYKA JUIS ycIieXa B UTPOBOM MUCCHU H T. 11.).
B muccun «butsa 3a bepnun» akIeHTH HHBIE: aHOMUITHOE TIOBEACHUE CPEU COJI-
Jat 1 opHULIEpOB MOYTH OTCYTCTBYET. bosee Toro BEIOpaH MO3UTUBHBIN pakypc co-
BETCKMX MEpPCOHaXEH K 3amaHblM COIO3HMKaM. B npyroil wactu 3ToH cepuu
(2008 r.) moBeCHHE COBETCKMX BOCHHOCIYXKAIIUX TEMOHCTPHPYETCS dYepe3 SITH-
30/1bI KECTOYAWIIEr0 OT HOWICHMS K MPOTHUBHHUKY, — COXIKCHUE KUBBHEM CJIAIO-
IIMXCA B IJIEH CONJAT BepMaxTa. AMEPHKaHCKUE K€ MEPCOHAXU AEMOHCTPUPYIOT
TYMaHHOCTh K IUIGHHBIM, KOTOpPasi TIPOTUBOIOCTABIISIETCS )KECTOKOMY OTHOIICHHIO
AMOHCKUX COJIJAT K aMEePHKaHCKUM BOCHHOIUIEHHBIM. B cienyromieil cepumn maH-
HO# ¢panim3sl 308 noira: Asanrapa (Call of Duty: Vanguard 2021 r.) coBetckue
MEPCOHAXXH MOKa3aHbl B MO3UTHBHOM KOHTEKCTE, KOHTPACTUPYS CO CIICHAMH HACH-
s (amKCTCKUX BOWCK MO OTHOLICHUIO K IPaKIaHCKOMY HaceseHHto. OmHako
NPOTAarOHUCTHI JIEMOHCTPUPYIOT MOCTOSIHHBIE CIIOPBI, CCOPBI U MOJIHOE OTCYTCTBHE
JUCLUIUIMHBI, YTO HE COOTBETCTBYET PEaJbHOCTH M MPHUBOAUT K OUYEPHEHHIO MO-
JIBUra BCEX COJAAT COIO3HMKOB, CPAKaBIUIMXCS MPOTHUB HAIMCTKOM ['epmanum.
Taxke B BUICOUTPaX UCIOJIB30BAaHUE TEXHHKH B 0OI0 HE COOTBETCTBYET HUCTOPH-
YecKOi BOGHHOH MpakTuke. 3a ABa JeCATHUIECTHS 3TOM CEpUH BUACOUTP MIPOHU30IIIIa
CMeHa [EHHOCTHOW MOTHBAIIMH MEPCOHaKEH M OCHOBHOW aKIEHT CPOKYCHPOBAH
Ha MPOTHBOACHCTBUU T€HOLUTY OCYIIECTBISIEMOMY OKKYIIaHTAMH.

3akiroyeHne. BroiBepeHHbIE SKCHEPTHBIM COOOIIECTBOM BHICOIPHI MOTYT
CTaTh MOACIOPHEM AJISI OOBEKTUBHOTO W3YyYEHHSI UCTOPUUECKUX COOBITHI M MOII-
HBIM HMHCTPYMEHTOM [UIs MPOJABHXEHHUS PEATUCTHYHOIO HCTOPHUYECKOrO IMpo-
crpancTBa. L{enecoobpazHo m00aBISITh 00SI3aTENBHBIN TUCKIIEHMEp 00 UCKaKEHUH
UCTOpUYECKUX (DaKTOB U OOBEKTUBHON KapTHHBI MUpPA B TEX 3alaTHBIX MPOAYKTAX,
KOTOpbIE BBIXOAAT Ha PbIHOK P®. HeoOXomumocTh jkeCTKO MPOTHBOAEHCTBOBATH
U/ICOJIOTHUECKIM aTakaM, OCOOCHHO Ha MOJIOJICKDb TpeOyeT CO3MaHusl CTPYKTYpBI
B chepe BUICOUTD MO KOOPHHAINY BCEX MPUYACTHBIX CIECHHAINCTOB (MCTOPHKOB,
MOJINTOJIOTOB, UTPOKOB) JUIS CO3/IaHUSI KOHTEHTA, COOTBETCTBYIOIIETO OTEYECTBEH-
HBIM KYJIBTYPHBIM CMBICTIaM U BEI30BaM BPEMEHHU.
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" CamITY, Camapa, Poccus
ZMITY um. H.3. baymaHa, Mocksa, Poccus

Annomayun. Paccmompena npobiema cmaHosneHus uHxceHepHo2o obpasosanus 6 Poc-
cuu uepes coszoanue [lkorvl mamemamuueckux u Hasueaykux Hayk. CegepHas 80UHA Bbl-
O0BUHYIIA HA NEPBblll NIAH MeKyujue NOMpeOHOCMU 20CYOAPCMBEHHOU CLYHCObl, 8bICHYNUNLA
KAManuzamopom 8 ooaacmu npogeccuoHanbHozo o0pa3osanus, Heobvluatino obocmpuia
nOMpPeOHOCMb 8 B0EHHBIX Cheyuanucmax. Aemopsl ananusupyiom oge meHOeHyuu, cyuje-
cmeylowue 8 COBPeMeHHOl HAYUHOU aumepanmype, céA3aHHble ¢ NOHUMAaHuem obpasosa-
menbHOU peghopmbl, MPaKmoKamu nepexood om YepKosHO20 K C8emCKOMY muny oopazo-
6aHUsA, AHANUZOM YUACMUA 6 OSMOM Hpoyecce POCCULICKUX —AOMUHUCIPAMOPOS,
UHOCPAHHBIX U PYCCKUX npenodasamernel.

KmroueBble ciaoBa: o6pasosanue, Iletp Bemukwmii, CeBepHas BoitHa, Illkoma
MaTeMaTHYEeCKHX U HABUT'ALIKUX HAYK, COBPEMEHHasl HCTOpHOTrpadus

Beenenue. Pedopmsr nmeproga npasnenus [letpa | 3aTpoHyIH BCce CTOPOHBI
POCCUICKOM KU3HHM, B TOM 4Hcle, 00pa3oBaHue. Pa3zBuTHe MPOMBILIUIEHHOCTH Tpe-
00BasI0 3HAaHWH €CTECTBEHHBIX M TOYHBIX HAYK, MPHKJIAJAHBIX PEMECIICHHBIX HaBbI-
KOB. Yupexaanuch npodeccronanbusie mkoasl [1]. Ilenp maHHON cTaTbu MOKa-
3aTh, Kak npu cozgaHuu IlIKonel MaTeMaTHMYeCKWX W HAaBUTalKUX HayK IUIO
CTaHOBJICHHE BOCHHOTO HWHXEHEPHOI0 00pa30BaHMs, KAKOE€ OCMBICIEHHE 3TO IIO-
JIy4HJIO B COBPEMEHHOM HayYHOU UCTOPUYECKOH JIUTEPATYPE.

Marepuajbl U MeToAbl, pe3yabTaThl. JlaHHOE HccienoBaHUE Oa3zupyeTcs
Ha CPaBHHUTEIHHO-UCTOPUIECKOM, MPOOIEMHO-XPOHOIOTHYECKOM METO/ax HCClie-
JIOBaHMsI, HA NPUHIMIAX OOBEKTHBHOCTH, BCEOOIIEH CBSI3HM, pa3BUTHS, LIEIOCTHO-
CTH, CUCTEMHOCTH, IeTepMUHU3MA. B X01e mcToprorpaguueckoro uccieaoBaHus
aBTOPBI BBISICHWIIM, YTO B HayKe CIOXHJIOCH /IBa HAIIPABJIECHHUS B MOAXOJE K U3yue-
auto tematuku [2]. Croponnuku nepsoro (AWM. Aumpees, M.I1. BoiitexoBckas,
10.B. Kymnepr, F0.A. Kamenckasi, A.}FO. COroMOHOB) SIBIISIFOTCS MPUBEPIKECHIIAMH
TOYKH 3PEHHS O TOTAIEHOM 3aMMCTBOBAaHUH 3aIlaIHBIX 00Pa3IoB.

Omnmonentsl 3tux B3rssa0B (B.H. Benma, A.O. Kpsutos, A.K. Maruumkuii,
B.H. ®exarokun, H.I'. FOpkun) mosnarator, uto B nepBoii mososune XVIII cronerus
mies mpouecce M30MpaTenbHOrO 3aMMCTBOBAHMS EBPOIEHCKUX AOCTHXEHuil. Pe-
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(bopMBbI Hayalu BBIKPHCTAIIIM30BBIBATECS €IE B «MOCKOBCKOM Iepuoae». Pycckas
KyJIbTYpa cTajla OYBOH, Ha KOTOPOH BBIPOCIIO 00pa3zoBanue ctpanbl B HoBoe Bpe-
Msi. Onupasice Ha uctopuueckue uctounuku, M.M. Gentoknn yoenurenasHo moka-
3ai1, 4ro uHHnuMaropom nosBienust IIkoser cran A.A. Kypbatos (1663-1721),
nbsk OpyskeliHo# nanatsl MockoBckoro Kpemus [3]. MeitHbiM BroxHOBHTEIEM —
JI.®. Maruuiikuii, co3marens 3HaMeHUTOH «Apudmerukn» [4]. Bokpyr mpoekra
CIIOKMJIICS. KPYT MO3AHEMOCKOBCKHX JIATUHCTBYIOIUX KHUKHHUKOB, KOTOPBIE XOTe-
71 00BETUHUTE CBOM HApAOOTKH ¢ pe(hOPMATOPCKUMH yCHUIIUAMH LAPS.

3akarouenne. Mrorn ncropuorpaduyeckoro ananmus3a MOKa3bIBAIOT, YTO BBeE-
JeHMEe B HAYYHBIH 00OPOT HOBBIX MCTOYHHUKOB IMO3BOJIAET MO-WHOMY TPaKTOBAaTh
oOpazoBarenbHblie pedopmsl [letpa |. ABTOPBI pa3nensioT TOUKY 3peHHs, YTO OHH
SIBUJTUCH TPOJIOJKEHUEM pyCcCKuX Tpamuiuii XVII cronetus.
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